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რეზიუმე 
 
naSromSi “informaciis dacva kompiuterul sistemebSi” war-
modgenilia da aRwerilia kriptografiis originaluri meTodi. 
am meTodis misaRebad, damuSavebul iqna Sesabamisi masala, 
iseTi rogoricaa: 
kriptografiis simetriuli da asimetriuli sistemebis yve-
la arsebuli meTodebi, anu daxuruli da Ria arxebi, maTi gamo-
yenebis areali, rogorc praqtikul aseve samxedro samsaxurSi.  
simetriuli sistemis dros, saidumlo gasaRebis gacvla 
xorcieldeba daxuruli arxiT, anu kurieris gamoyenebiT. orma 
kanonierma momxmarebelma icis gasaRebi, Semdgom am gasaRebiT 
erT-erTi momxmarebeli daSifravs informacias da Sesabamisad 
meore ki _ gaSifravs.  
ganxilul iqna simetriuli sistemis meTodebi:  
1. cezaris algoriTmi _ gasaRebi Seadgens erT simbolos 
da yovel simbolos Seesabameba anbanis rigiTi nomeri.  
2. viJineris algoriTmi _ gasaRebis sigrZe aris samis to-
li. gasaRebis sigrZe gaizarda, ramac gamoiwvia informaciis da-
yofa blokebad, algoriTmi Sesabamisad ufro garTulda. am al-
goriTmSic yovel simbolos Seesabameba anbanis rigiTi nomeri. 
3. vernamis algoriTmi _ aris viJineris meTodSi gamoyene-
buli algoriTmis farTo speqtri. anu vernamis algoriTmi gamom-
dinareobs viJineris algoriTmidan. n sigrZis sruli teqsti iSif-
reba misi toli L sigrZis saidumlo gasaRebiT, e.i. L=n.  
asimetriuli sistemis dros, gasaRebis miReba or kanonier 
momxmarebels Soris xdeba Ria arxiT, kurieris anu mesame piris 
Careva ar aris saWiro. Sesabamisad informaciis daSifvra, gagzav-
na da gaSifvrac xdeba sruliad Riad.  
ganxilul iqna asimetriuli sistemis meTodebi:  
1. difi-helmanis algoriTmi _  algoriTmi eyrdnoba GF(P) 
velSi logariTmis gamoTvlis sirTules, gamoyenebulia axaris-
 v 
xeba saidumlo naturaluri ricxvebiT, romelsac irCevs orive 
mxare saidumlod. sabolood orive mxare iRebs erTidaigive 
gasaRebs. SemdgomSi erT-erTi daSifravs informacias miRebuli 
gasaRebiT da meore ki _ gaSifravs. am meTodis saimedooba efuZ-
neba swored aRniSnuli saidumlo naturaluri ricxvebis amoc-
nobis sirTules.  
2. raivest-Samir-eidelmanis algoriTmi _ algoriTmi eyrd-
noba eileris cnobil Teoremas: Φ(N)=(p-1)(q-1), p da q saidumlo 
ricxvebia.  
3. elgamalis algoriTmi _ gamoiyeneba cifruli xelmowe-
risaTvis. teqstis daSifrva ar xdeba, magram mas daemateba S, R 
parametrebi, romlebic warmoadgenen cifrul xelmoweras.  
simetriuli meTodebis maxasiaTeblebia: maRali Sifraciis 
siCqare, radgan gamoyenebulia gadanacvleba-Canacvlebis funq-
ciebi; gasaRebis sigrZe dabali; kriptosirTules warmoadgens 
gasaRebis gadarCeva mTel sivrceSi; gasaRebis generaciis dro 
miliwamebi, magram samagierod asimetriuli meTodebi xasiaTdeba 
ufro maRali saimedoobiT. simetriul meTodebSi siCqare maRa-
lia, gamoiyeneba gadanacvlebis funqcia da a.S., xolo asimet-
riul meTodebSi ki siCqare dabalia, samagierod gamoiyeneba axa-
risxebis funqcia, rac iZleva maRal saimedoobas.  
Cvens mier miRebul iqna sxvadasxva meTodebi, rogorc si-
metriuli aseve asimetriuli meTodis gamoyenebiT, anu moxda ar-
sebuli meTodebis sinTezi da miviReT axali originaluri meTo-
debi.  
miRebul iqna Semdegi Sedegebi: 
• asimetriuli matriculi meTodi. difi-helmanis meTodis 
gamoyenebiT, Seiqmna axali meTodi, oRond axarisxeba Secvlili 
iqna matricaze gamravlebiT. veqtori da matricaTa simravle, sai-
danac xdeba am matricaTa amorCeva, aris yvelasaTvis xelmisawv-
domi.  
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• simetriuli da asimetriuli meTodebis sinTezi. veqtori, 
romelic wina meTodSi iyo yvelasaTvis cnobili, am SemTxvevaSi 
davasaidumloveT da Sedegmac ar daayovna. matricis ganzomileba 
gaxda ucnobi da aqedan gamomdinare sxva subieqti (hakeri, araka-
nonieri momxmarebeli) ver moaxerxebs informaciis dayofas blo-
kebad da Sesabamisad gaSifvras. TumcaRa, aRniSnuli, arc pirvel 
meTodSia SesaZlebeli, magram am meTodSi medegoba ufro maRa-
lia.  
• matricis dasaidumloeba. veqtorTan erTad saidumlod 
aviReT matricac, anu kurieris saxiT xdeba maTi gacvla da 
Semdgom orive mxares gasaRebis miReba, amiT gasaRebis generaciis 
dro Semcirda, anu saboloo jamSi Sifraciis siCqare gaizarda.  
• sxvadasxva saxis matricaTa ganxilva. aRniSnuli meTo-
dis saimedoobisaTvis, ganvixileT sxvadasxva modulisa da gan-
zomilebis mqone matricebi, rogorc orobiTi aseve aTobiTi.  
• komutatiur matricaTa simravlis ageba. galuas GF(pm) 
velebze dayrdnobiT movaxdineT (m×n) komutatiur-kvadratul 
matricaTa simravlis ageba, anu A1×A2=A2×A1, rogorc orobiT ase-
ve aTobiT velze.  
• miRebuli meTodis saimedooba. ganvixileT matricaTa 
simravle, romelic ricxobrivad Seadgens Mm×n, sadac m=n _ 
svetebisa da striqonebis raodenoba, radgan aRniSnul meTodSi 
gamoiyeneba kvadratuli matricebi; xolo M aris matricaSi Sema-
vali elementebis sidide. miRebuli meTodis kriptosirTule 
efuZneba am simravlidan matricaTa amorCevis sirTules.   
simetriuli da asimetriuli sistemebis sinTezi gvaZlevs  
saimedo Sedegs, romelic gamoirCeva maRali medegobiT. 
miuxedavad imisa, rom yvela sidide cnobilia garda im ori 
konkretuli matricisa, am meTodis gatexva, SeuZlebelia arakano-
nieri momxmareblis mier. 
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maSasadame, am meTodis maRali medegoba efuZneba A1 da A2  
matricaTa amorCevis sirTules, mocemuli matricaTa simravli-
dan. 
aqve unda aRiniSnos is faqti, imisaTvis rom zemoT aRniS-
nuli meTodebi iyos saimedo da gamoirCeodes maRali medegobiT, 
aucilebelia da sakmarisi, rom matricebi iyos komutatiuri anu 
gadasmadi. 
aRniSnuli meTodis miRebisaTvis, damuSavebuli da miRebu-
li iqna komutatiur matricaTa simravle, romelic gamoiyeneba 
gasaRebis miRebisaTvis, raTa Semdgom moxdes am gasaRebiT infor-
maciis daSifvra da Semdgom gaSifvra. 
komutatiuri matricebis ageba advilad xorcieldeba. A  da 
B matricebi arian komutatiuri, Tu A matricas namravli B mat-
ricaze marcxnidan udris B matricas namravls A matricaze mar-
jvnidan, maSin SegviZlia vTqvaT, rom AB=BA. garda amisa, Tu avi-
RebT raime matricas da gavamravlebT sakuTar Tavze, miRebuli 
matrica da sawyisi matrica aris komutatiuri matricebi. garda 
aRniSnulisa unda akmayofilebdnen garkveul Tvisebebs, romle-
bic aRwerilia mesame TavSi. 
matricaTa simravle aris matricaTa veli, Caketili simrav-
le. anu ori matricis gamravlebiT miviRebT iseT mesame matri-
cas, romelic moTavsebulia amave matricaTa simravleSi.  
... da bolos, miRebuli axali meTodebi, miekuTvneba asimet-
riul meTods da gamoirCeva maRali saimedoobiT.  
kriptosirTules warmoadgens matricaTa simravlidan amor-
Cevis sirTule, rasac emyareba miRebuli meTodebis saimedooba. 
yovelive zemoT aRniSnuli _ aRwerilia, ganxilulia Ti-
Toeuli meTodi, moyvanilia magaliTebi, cxrilebi, naxazebi, da-
narTebi, yoveli Tavis Semdeg mocemulia daskvnebi, aseve sabo-
loo daskvna.  
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Abstract 
In the  article “information defence in computer sistems” is described and 
presented original method of cryptography. 
To recieve this method lots of materials were proceeded, such as: all this 
exsisted methods of symmetrical and asymmetrical sistems of cryptography, closed 
and opened channels, the areal of their use, as in practical as well as in military 
service. 
To receive the above mentioned method, commutational matrix multiply 
was processed and received. Which is used to receive key. In order to happen 
ciphering with the help of the key. 
In symmetrical system, the exchange of the secret key is executed by closed 
channel or; by use of courier. Two legitimate users know the key, with this key one of 
the users ciphers information and the second – codes. 
 
Symmetrical system methods were examined: 
1.  Tsezar algorithm – The key contains one symbol and every symbol is  
corresponding to the ordinal number of alphabet. 
2. Vijiner algorithm – The length of the key is three. The key length has 
grown and  this provoked spacing out information into blocks, 
accordingly algorithm became more complicated. Every symbol is 
corresponding to the ordinal number of alphabet in this algorithm. 
3. Vernam algorithm- There is used wide spectre of algorithm in Vijiner  
method, or Vernam algorithm follows that  Vijiner algorithm. The 
complete text of n length is coding with its equal  L length secret key, 
i.e L=n. 
In asimmetrical system, receiving key between two  users is accomplished by     
opened channel, the third person does not need interfering. Accordingly, ciphering of 
information, sending and coding is happening quite openly. 
 
Asimmetrical system methods were examined: 
1. Dipi-Helman algorithm _ Algorithm is based on GF(P) field, the 
complication of logaritm calculation, there are used raising to the 
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power with the secret natural numbers, which two users select them 
secretly. Finally the both sides receive the same key. Afterwards one of  
the users will cipher information with the received key, and the second 
_ will code it. The reliability of this method is based on complication 
of the marked secret  natural  recognition numbers. 
2. Raivest-Shamir-Fidelman algorithm – Algorithm is based on well – 
known Filer's theorem: ф(N)=(p-1)(q-1), p and q are secret numbers. 
3. Elgamal algorithm _ It is used for digital signature. Text ciphering is 
not happening, but S, R parameters will be added, which are digital 
signature. 
 
Symmetrical methods definitions are: High speed code, because there are 
used the function of shifting and insertion; the length of the key _ low; 
cryptocomplication is to reselect the key into whole space; key generation is 
milisecond, but instead of asymmetrical methods are charecterized higher 
reliabilities. Speed is high in symmetrical methods, there is used shifting of function 
and so on, but speed is low in asymmetrical methods, instead of there is used the 
method of raising to the power, which gives  high reliability. 
With the use of symmetrical and asymmetrical methods is received various 
methods. After the synthesis of mathods we got new original method. 
 
The following results are received: 
• Asimmetrical matrix method. With the use of Dip-Helman’s 
method was created the new method, but  raise to the power was 
changed by multipling on matrix. Vector and matrix multiplication 
from where happens matrix choosen is available for everybody. 
• Synthesis of symmetrical and asymmetrical methods. The vector 
that was known to everybody in the previous method in this case 
we have kept it in secret and the result didn’t deley. The dimention 
of matrix became unknovn and another subject (haker, illegal user) 
will not manage to understand or devide information into the 
blocks. Although the mantioned fact isn’t available in the first 
 x 
method too, but the results in this method is higher quality than in a 
privious one. 
• Secrecy of matrix. We took matrix with the vector in secrecy. 
With the help of courier happens exchange of following and 
receviving the key later on both side. With this the time of 
generation is reduced. 
• Discussion of various kinds of matrix. For the reliability of this 
method, we have discussed matrix of defferent module and 
dimensions as bisection as well as  decimal  field. 
• Building comutational matrix multiply. Depending on Galua’s 
GF(pm) fields we got (m×n) construction of squared comutational 
matrix multiply. A1A2=A2A1 as bisectional as well as decimal field. 
• Safety of the received method. We have discussed multipling of 
matrix, wich consists of  Mn×n  were the amount of columns and 
lines m=n as in the mantioned method squared matrix are used. M 
is the input size of matrix. The complexity of cryptography is based 
on complexity of the choosen matrix from multipling. 
 
The results of the synthesis of symmetrical and asymmetrical sistemsare reliable, 
wich is different for its high quality. 
In spite of all the known quqntities except those concriete matrix, braking this 
method is unavailable by the illegal user. 
There-fore high quality of this method is based on difficulty of choosen matrix 
A1 and A2.  
We must mention the fact that, in order to be above mentioned methods reliable 
and different with its high quality it is necesary matrix to be commutative.  
Building commutational matrix is curried out easily A and B matrix are 
comutational, if A matrix multiplication on B matrix from the left is equal to B matrix 
multiplication on A matrix from the right. We can say, that AB=BA besides, if we 
take some kind of matrix and multiply it on itself. Recieve matrix and first matrix are 
comutational matrix. 
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Matrix multiplity is matrix field, closed multiplity . To multiply two matrices. 
We will receive such third matrix, which is situated  between the multiplication of the 
same matrices.  
In the end, already received new methods own asymmetrical methods and are 
distinguished with high reliabilities. 
Gryptocomplication is complication from matrices multiplication, which are 
based on received reliability  methods. 
Above mentioned is described, are brought  examples, schedules, draughts, as 
well as the final conclusion. 
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e.g.m. _ eleqtronuli gamomTvleli manqana. 
e.i. _ eseigi.   
stu _ saqarTvelos teqnikuri universiteti. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 xvi 
მადლიერება 
rasakvirvelia, Zalian madlieri var da minda gadauxado 
didi madloba, Cems xelmZRvanelebs: baton riCard megreliSvils 
da baton sergo ciramuas. maT Zalian didi wvlili miuZRviT Cemi 
naSromis damuSavebaSi. 
უღრმესი მადლობა. 
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შესავალი 
 
ra aris am naSromis mTavari mizani da arsi ...  
or kanonier momxmarebels Soris informaciis gacvla. 
rodesac or subieqts Soris xdeba informaciis gacvla, igi 
saWiroebs dacvas. roca informaciis gacvla xorcieldeba daxu-
ruli arxiT, am dros gasaRebis gacvlisaTvis gamoiyeneba kurie-
ri, anu mesame piri. xolo roca informaciis gacvla xdeba Ria 
arxiT, am dros es meTodi ar saWiroebs kuriers, gasaRebis da-
fiqsireba orive mxares xdeba Ria arxiT. am dros ki, mesame su-
bieqtma rom CaiWiros es informacia, man ver unda SeZlos, rea-
lur droSi, misi gatexva, anu informacia saWiroebs saimedo dac-
vas.  
informaciis dacva-dasaidumloeba gamoiyeneba sabanko-safi-
nanso, saxelmwifo, samxedro struqturebSi. aseve im drosac, ro-
ca nebismieri ori subieqti ugzavnis erTmaneTs raRac nebismieri 
saxis informacias da ar undaT, rom es informacia xelmisawv-
domi iyos vinme sxvisTvis. 
aseve SesaZlebelia mesame piris TanxlebiT, Tuki ukve am 
orma pirma gacvales gasaRebi, saubris dros am gasaRebiT daSif-
ron informacia da isaubron, ise rom mesame iqve myofi piri vera-
fers mixvdes [22, 23, 30].  
TumcaRa, xdeba iseTi SemTxvevebic, roca adgili aqvs in-
formaciis gamJRavnebas, xdeba ufro metic _ informaciis Canacv-
leba, gayalbeba da a.S. 
davuSvaT, rom gvaqvs ori X da Y mxareebi, romelTa Soris 
xdeba informaciis gacvla. vTqvaT, rom viyenebT simetriul sis-
temas, anu gasaRebis gacvla xdeba daxuruli arxiT. X mxare 
iRebs gasagzavn informacias, Semdgom mas Sifravs gasaRebiT da 
ugzavnis Y mxares. Y mxare Sesabamisad, miRebul informacias ga-
Sifravs igive gasaRebiT da miiRebs sawyis informacias, anu moax-
dens informaciis deSifracias. 
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rogorc ukve avRniSneT, arsebobs ori saxis sistema simet-
riuli da asimetriuli. orive sistemebSi ganxiluli meTodebi 
gamoirCeva saimedoobiT, magram mainc aris sxvadasxva dadebiTi 
da uaryofiTi mxareebi [34, 45, 46].  
simetriuli sistemebis dros, kurieris gamoyeneba aris sa-
Wiro, magram samagierod informaciis daSifvras sWirdeba gaci-
lebiT mcire dro, vidre asimetriulis dros.   
asimetriuli sistemebis dros ki, gasaRebis generacias cal-
ke dro sWirdeba da kidev calke dro aris saWiro informaciis 
daSifvrisaTvis, magram samagierod medegoba gacilebiT maRalia.  
simetriuli sistemebis dros gamoiyeneba Canacvleba, gada-
nacvlebis funqcia, asimetriulis dros _ axarisxeba, mamravle-
bad daSla. Sifraciis siCqarec aris sakmaod gansxvavebuli. si-
metriulis dros Sifraciis siCqare aris miliwamebi, asimetriu-
lis dros _ wuTebi da a.S. 
orive meTodi gamoirCeva sxvadasxva dadebiTi maxasiaTeb-
lebiT, orive miRebulia da damtkicebulia kriptografiaSi. Tu 
informacia aris mcire zomis da misi gacvla gvinda rom moxdes 
swrafad, viyenebT simetriul sistemas, xolo Tu informacia 
aris didi zomis da saimedoobas ufro meti mniSvneloba eniWeba 
vidre siswrafes, maSin gamoiyeneba asimetriuli meTodebi, anu 
orive meTods aqvs garkveuli gamoyenebis areali. 
kanonier momxmareblebs Soris kavSiris arxSi gadacemuli 
informacia unda iyos daculi sxvadasxva meTodebiT, romlebic 
win aRudgeba yvelanair dabrkolebas, mraval saSiSroebas. xakeri 
ecdeba CaiWiros susti rgoli, es ki aucileblad unda gaiTva-
liswinos momxmarebelma informaciis dacvis dros. gamoyenebuli 
unda iqnes iseTi meqanizmebi, rom informacia iyos mTlianad da-
culi arakanonieri momxmareblebisagan. 
gasaRebSi igulisxmeba, rogorc martivi ricxvi, aseve veq-
tori, aseve teqsti da a.S. Sifro teqsti, SesaZloa xelSi Caig-
dos arakanonierma momxmarebelma, magram ar icis gasaRebi da ver 
axdens deSifracias. 
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mniSvneloba aqvs aseve informaciis raodenobas, Sesabamisad 
gasaRebis sigrZes da Sifraciis siCqares. marTalia saimedooba 
aris wamoweuli wina safexurze, magram arc Sifraciis siCqare 
unda iyos didi ricxvi, rom droulad, swrafad ver moxdes gasa-
Rebis generacia da Semdgom gadacemuli (sawyisi) informaciis da-
Sifvra.  
amocanis aqtualoba: saerTod kriptografia sakmaod aqtiu-
ri Temaa da gamoyenebadia praqtikaSi. Cvens SemTxvevaSi, amocanis 
aqtualoba mdgomareobs imaSi, rom gamoyenebulia rogorc asimet-
riuli meTodi calke, da Seqmnilia originaluri meTodi, aseve 
orive simetriuli da asimetriuli meTodebis sinTezi. ganxilu-
lia da agebulia komutatiuri matricebi gasaRebis miRebisaTvis, 
igeba sakmaod martivad da Tanac maTi simravle aris imdenad 
didi, rom maTi moZebna da amorCeva yvelasaTvis cnobili da xel-
misawvdomi matricaTa simravlidan, realur droSi, SeuZlebelia.  
mizani: Cveni mizani iyo Segveqmna iseTi originaluri meTo-
di, romelic gamorCeuli iqneboda ukve arsebuli meTodebisgan. 
ganvixileT arsebuli, praqtikaSi gamoyenebadi meTodebi da mivi-
ReT ramodenime axali meTodi. miRebul meTodebSi gamoiyeneba 
rogorc simetriuli aseve asimetriuli sistemebi. meTodi unda 
xasiaTdebodes maRali Sifraciis siCqariT, kriptosirTuliT, ga-
saRebis generaciis maRali siCqariT da saimedoobiT.   
SevqmeniT iseTi meTodebi, romlebic xasiaTdeba aRniSnuli 
maxasiaTeblebiT. 
amocanebi:  
1. asimetriuli meTodi 
gvaqvs ori X da Y  mxareebi.  
gacxadebulia (cnobilia) P (martivi) ricxvi, cnobilia e veq-
tori.  e.i. cnobilia ganzomileba, aseve cnobilia veqtoris da 
matricis elementebi, radgan viciT P ricxvi. cnobilia matricaTa 
simravle, rac yvelasaTvis xelmiswavdomia. 
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e.i. gamoviyeneba mxolod asimetriuli meTodi, kerZod: dihi-
helmanis meTodi 
2. asimetriuli matriculi meTodis sinTezi simetriul me-
TodTan. 
gvaqvs ori X da Y  mxareebi, romelTa Soris xdeba erTida-
igive gasaRebis dafiqsireba, e veqtori ucnobia, gadaecema daxu-
ruli arxiT, informaciis daSifvra-gaSifvra da Sesabamisad gac-
vla xdeba Ria arxiT (amocana 1).  
e.i. am meTodiT xdeba simetriuli da asimetriuli meTo-
debis sinTezi. 
3. veqtoris da matricis gadacema saidumlod.  
radgan simetriuli meTodi ukve gamoviyeneT veqtoris gada-
sacemad (amocana 2), amitom umjobesi iqneba, rom matricis gada-
cemac moxdes saidumlod.  
anu am SemTxvevaSic gamoiyeneba orive meTodi, magram mat-
ricis gadacemac xdeba saidumlod, aqedan gamomdinare gasaRebis 
generaciis dro xdeba miliwamebSi. 
samecniero siaxle:  
amocana 1-is amoxsnisaTvis gamoyenebuli iqna difi-helmanis 
meTodi, magram axarisxebis funqcia SevcvaleT matricaze gamrav-
lebiT, amiT gasaRebis generaciis dro Semcirda, saimedooba ki-
dev ufro gaizarda. 
amocana 2-Si gamoyenebuli iqna meTodTa sinTezi. simetriu-
li meTodiT anu daxuruli arxiT xdeba veqtoris gadacema, amis 
Semdeg Ria arxiT (amocana 1) xorcieldeba gasaRebis generacia.  
amocana 3-iT xdeba veqtoris da matricis erTdroulad sai-
dumlod gadacema da Semdgom daSifruli informaciis gacvla 
Ria arxiT (amocana 2), Sifraciis siCqare kidev ufro izrdeba.  
e.i. amocana erTSi gamoiyeneba mxolod asimetriuli meTodi; 
amocana orSi _ simetriuli da asimetriuli matricebis sinTezi; 
mesame amocanaSic _ sinTezi.  
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aRniSnul meTodebSi ki, gamoyenebul iqna komutatiuri-kvad-
ratuli matricebi, ramac Zalian kargi Sedegi mogvca. aseTi mat-
ricebi ganxiluli da agebuli iqna GF(pm) galuas velebze. 
miviReT axali originaluri meTodi ukve arsebul meTodeb-
ze dayrdnobiT da zogierTi meTodebis sinTezis gamoyenebiT, ro-
melic gamoirCeva maRali siCqariTa da saimedoobiT.  
 
praqtikuli Rirebuleba:  
kriptografia es aris informaciis dacva _ dasaidumloeba. 
arsebuli meTodebi gamoiyeneba: saxelmwifo saqmeebSi, samxedro 
samsaxurSi, nebismieri saxis informaciis gacvlisaTvis rogorc 
Ria aseve daxuruli arxiT.  
analogiurad, miRebuli axali meTodebis gamoyenebiT Cven 
SegviZlia davSifroT nebismieri saxis informacia da rogorc 
Ria, aseve daxuruli da sinTezuri meTodebiT movaxdinoT maTi 
gadacema.  
aRniSnuli meTodebi gamoirCeva maRali saimedoobiT, siCqa-
riTa da kriptosirTuliT.  
aseve SesaZloa maTi gamoyeneba sabanko saqmeebSi.  
 
moculoba da struqtura: naSromi Sedgeba: 
- Sesavali; 
- literaturiს mimoxilva, Tavi I;  
- Sedegebi da maTi gansja, Tavi II; 
- eqsperimentuli nawili, Tavi III; 
- samive Tavis daskvna; 
- saboloo daskvna; 
- danarTi 1; 
- danarTi 2; 
- gamoyenebuli literaturebis nusxa; 
- naSromis moculoba Seadgens 112 gverds.  
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ლიტერატურის მიმოხილვა, 
Tavi I. aRwerilia kriptografiuli sistemebi. simetriuli 
da asimetriuli meTodebi, maTi gamoyenebis areali. 
 
 
შედეგები და მათი განხჯა,  
Tavi II. ganxilulia miRebuli axali meTodebi, moyvanilia 
magaliTebi. damuSavebulia matriculi meTodi.  
 
ექსპერიმენტული ნაწილი,  
Tavi III. ganxilulia sxvadasxva saxis matricebi, matricaTa 
simravleebi, matricaTa veli da miRebulia saboloo Sedegi, ro-
gori matricebi aris misaRebi matriculi meTodisaTvis kriptog-
rafiaSi Cvens mier warmodgenil originalur meTodSi.  
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ლიტერატურის მიმოხილვა 
Tavi I. 
kriptografiuli sistemebi 
 
kriptografia informaciis dasaidumloebis samecniero-teq-
nikuri dargia, romelsac ganviTarebis mravalsaukunovani isto-
ria aqvs. ganviTarebis gansakuTrebul safexurs kriptografiam 
gasuli saukunis meore naxevarSi miaRwia, rodesac misi meTodebi 
maTematikur sistemebs daefuZna. xolo 1976 wlidan Ria gasa-
Rebebis meTodologiam mas Tvisebrivad axali xarisxi SesZina. 
sazogadod, kriptografias Sexeba aqvs informaciis dacvisa 
da dasaidumloebis mraval aspeqtTan, rogorebicaa _ teqstis 
Sifracia-deSifracia, dacva arasanqcionirebuli SeRwevisagan, 
Ria teqstis eleqtronuli (cifruli) xelmowera da sxv. aqedan 
gamomdinare, farToa misi gamoyenebis arealic: samxedro-saxel-
mwifoebrivi daniSnulebisa da sabanko-safinanso komerciuli sis-
temebi, lokaluri da globaluri (interneti) kompiuteruli qse-
lebi da sxv., rac informatizaciis Tanamedrove epoqaSi mis aq-
tualobasa da mniSvnelobas ganapirobebs [10, 11, 21, 27, 30, 31, 45]. 
kriptografia ori ZiriTadi mimarTulebiT viTardeba: 
1. simetriuli sistema, romelSic erTidaigive gasaRebi 
(Sifri), formirdeba (miiReba) gadamcem X da mimReb Y  mxareebze, 
da maT Soris saidumlo gasaRebis gacvla moiTxovs saidumlo 
kavSiris arxis (anu kurieris) arsebobas. 
2. asimetriuli sistema, romelSic saidumlo gasaRebis 
gacvla Ria arxiT xorcieldeba, an saidumlo gasaRebs mxolod 
erT-erTi _ X an Y mxare flobs. 
simetriul da asimetriul sistemebSi gamoTvliTi opera-
ciebi, algoriTmebis Sesabamisad, X da Y  mxareze mniSvnelovnad 
gansxvavebulia. 
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1.1. informaciis cneba 
 
informacia ar aris materialuri an energetikuli cneba. 
misi arseba imaSia, rom mimRebs ubiZgebs gansazRvruli qcevis 
arCevaSi _ gansakuTrebiT azrovnebis sferoSi. adamiani informa-
cias Rebulobs sami arxis saSualebiT:  
a. memkvidreobiTi faqtorebiT (genebiT), romliTac adamians 
mSoblebisagan gadaecema nivTieri da struqturuli niSnebi; 
b. adamianisagan gadaecema Camoyalibebuli azrebisa da 
miTiTebebis saxiT (mag: wignis saSualebiT); 
g. uSualod garemo sinamdvilisagan. 
“informaciis” cneba erT-erTi ZiriTadia informaciuli sis-
temebis ganxilvisas. arsebobs informaciis mravali gansxvave-
buli Tvalsazrisi da gansazRvreba zogadi filosofiuridan 
(rogorc _ realuri samyaros asaxva-gamoxatuleba) yvelaze ker-
Zo praqtikul gansazRvrebamde (rogorc – cnobebi, rac gamiz-
nulia informaciis damuSavebis, Senaxvisa da gadacemisaTvis). 
mniSvnelovania n. vineris azri, rom “informacia aris informacia 
da ara materia an energia” [12, 13].  
informaciis gamoxatvis saSualebebi materialur-energeti-
kulia da Cvens SemTxvevaSi warmoadgens fizikur signalebs, aso-
niSnebs, cifrul Canawerebs, figurebs, diagramebsa da sxv.  
saubari informaciis dacvis sistemebis Sesaxeb formalu-
ria, Tu is informaciis arsebobis TviT faqts ar iTvaliswinebs. 
nebismieri kodi informaciis matarebelia.  
kodirebis sistemebi informaciis damuSavebis, gadacemisa 
da damaxsovrebisaTvis iqmneba, magram biologiuri (genetikuri) 
da sxv. kodebisagan gansxvavebiT informaciis dacvisaTvis gamiz-
nuli kodebis mTavari funqciaa mimdinare procesebis dacva gare-
Se zemoqmedebisagan. miuxedavad amisa, ar unda dagvaviwydes, rom 
informaciis gadacemisas bunebasa Tu cocxal garemoSi, teqnikur 
sistemebsa Tu sazogadoebaSi, rogoric ar unda iyos misi wyaro 
Tu momxmarebeli, iqmneba informaciuli garemo, romel
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rebis sistemebi saerTo informaciul process eqvemdebarebian, 
xolo informaciuli sinergiuloba (urTierTSeTanxmebuloba, 
urTierTTanwyoba), Tvisobrivad msgavs da procesebisaTvis saer-
To struqturaTa warmoqmnas ganapirobebs, rac gansakuTrebiT ko-
direbis sistemebiT aisaxeba da vlindeba. 
informacia arsebobs rogorc semantikuri (Sinaarsobrivi 
mniSvnelobis), aseve raodenobrivi. 
aRniSnuli Tematika ar iTvaliswinebs informaciis semanti-
kur ganxilvas. isic unda aRiniSnos, rom semantikuri informa-
ciis sakiTxi rTuli da problematuria da ar aris srulad da-
muSavebuli, magram raodenobriv da semantikur informaciaTa 
Soris gansxvavebis aRniSvna da misi garkveva sakuTriv raodenob-
rivi informaciis formulirebis gacnobierebisaTvis aris auci-
lebeli. 
erTidaimave movlenaSi, Tu kodur gamosaxulebaSi, sxva-
dasxva damkvirvebelma SeiZleba dainaxos ara mxolod sxvadasxva 
aqtualobis Semcveli informacia, aramed informacia, gansxvave-
buli Tavisi SinaarsiTac, rac movlenis gansxvavebul Sefasebas 
(aRqmas) ganapirobebs [12, 27].    
 
 
1.2. simetriuli sistemebi 
 
1. cezaris algoriTmi. cnobili algoriTmebidan, yvelaze 
uZvelesi aris e.w. cezaris algoriTmi. masSi anbanis yovel aiЄA 
(i=1,...,|A|) simbolos Seesabameba garkveuli ricxvi, rac SeiZleba 
mis anbanur rigiT nomers warmoadgendes. teqstis Sifracia mar-
tivia: fiqsirebuli aЄA simbolo ikribeba teqstis calkeul aso-
niSnebTan |A| moduliT.  
magaliTi: 
                     informacia: ABCDE ... 
                      GAgasaRebi: DDDDD ... 
                    kriptograma:   EFGHI ... 
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e.i. aRniSnul algoriTmSi gasaRebi, sigrZiT aris erTis 
toli, romelic gadaicema saidumlod.  
gadasacemi informacia SesaZloa warmovadginoT maTi anba-
nuri rigiTi nomrebis Sesabamisad. amis Semdgom, rigiTi nomrebis 
anu cifrebis saxiT warmodgenil informacias emateba saidum-
lod gadacemuli gasaRebi moduliT |A|, miiReba daSifruli in-
formacia da xdeba misi gadacema. mimRebi ki Sesabamisad gaSif-
ravs informacias igive saidumlo gasaRebiT. 
2. viJineris meTodi. am meTodSi gamoyenebuli algoriTmi 
analogiuria cezaris algoriTmisa, mxolod im gansxvavebiT, rom 
informacia dayofilia blokebad da Sifri warmoadgens L sigrZis 
garkveul bloks.  
magaliTi: Tu L=3, maSin: 
                     informacia: NOWISTHE ... 
                      GAgasaRebi: GAHGAHGA... 
                    kriptograma:   IODOSANE ... 
aRniSnuli magaliTidan naTlad Cans, rom cezaris algo-
riTmisagan gansxvavebiT, gasaRebis sigrZe gaizarda, ramac ga-
moiwvia informaciis dayofa blokebad. TumcaRa daSifvris da 
gaSifvris procesi aris analogiuri procedura, rogorc es xde-
ba cezaris algoriTmSi moduliT |A|. magram am meTodSi cota 
sirTulea mainc Semotanili, rac gamoiwvia gasaRebis sigrZis 
gazrdam da Sesabamisad saimedoobac SedarebiT maRalia. 
3. vernamis algoriTmi warmoadgens viJineris meTodSi gamo-
yenebuli algoriTmis farTo speqtrs, gamoyenebuli ideis ganvi-
Tarebas, anu vernamis algoriTmi gamomdinareobs viJineris algo-
riTmidan.  
n sigrZis sruli teqsti iSifreba misi toli L sigrZis sai-
dumlo SifriT (gasaRebiT), e.i. L=n.  
e.i. am SemTxvevaSi gadasacemi informaciis sigrZe da dasai-
dumloebuli gasaRebis sigrZe aris toli. gasaRebis gacvla xde-
ba isevdaisev kurieris saxiT.  
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magaliTi: vTqvaT gvaqvs ori X  da Y  mxareebi, romlebic 
cvlian informacias. xolo gasaRebs iRebs X mxare da awvdis Y 
mxares kurieris gamoyenebiT. gasaRebi ki aseTia: amaTuim wignis, 
amaTuim gverdis, amaTuim abzacis, amaTuim sityvidan dawyebuli 
informaciis sigrZis CaTvliT. danarCeni procedura ki xdeba ana-
logiurad zemoT aRewerili meTodebisa. 
vernamis algoriTmi magaliTia im SemTxvevisa, rodesac 
erT-erTi, _ erTi SexedviT martivi, _ cezaris algoriTmi, kvle-
vis garkveul sferoSi, aRmoCndeba saukeTesoTagani meTodebs So-
ris, radgan vernamis algoriTmi miRebuli iqna viJineris algo-
riTmidan, xolo viJineris algoriTmi _ cezaris algoriTmidan. 
e.i. vernamis algoriTms safuZvelad udevs cezaris algoriTmi.  
vernamis algoriTmi warmoadgens praqtikulad gauxsnel 
(gautexav) algoriTms, romelic dResac gamoiyeneba informaciis 
saxelmwifoTaSorisi gacvlis doneze. 
magram aqve unda aRiniSnos, rom yoveli daSifvris da ga-
Sifvris Semdeg, daSifruli teqsti gadamcem da mimReb mxareebis 
mier, aucileblad unda ganadgurdes. 
4. sistema DES simetriuli sistemebis klasikuri magaliTia, 
romelic zemoT ganxilul algoriTmebsa da informaciis gar-
kveuli gardaqmnebis (gadanacvlebisa da Canacvlebis) ganxorcie-
lebaze aris dafuZnebuli.  
DES sistema, qvemoT mocemul asimetrul sistemebTan Seda-
rebiT, gacilebiT swrafqmedia. es sistema damuSavebulia firma 
IBM-is mier, da araerTgzis gaxlavT modificirebuli da war-
moadgens 1977 wlidan SeerTebuli Statebis saxelmwifo stan-
darts. 
kriptomedegoba (saimedooba) efuZneba algoriTmis gaxsnis 
sirTules. SesaZloa yvela informacia Caigdos xelSi arakano-
nierma momxmarebelma, magram algoriTmi unda iyos imdenad dacu-
li, rom man ver SeZlos gasaRebis miReba. 
30-iani wlebisaTvis sabolood Camoyalibda maTematikuri 
mimarTulebani, romlebic warmoadgens kriptografiis mecnierul 
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safuZvels. rogoricaa: albaTobis Teoria, ricxvTa Teoria, zoga-
di algebra, kombinatorika da a.S. 
70-iani wlebis meore naxevarSi ki Seiqmna asimetriuli (Ria) 
kriptosistema, romelic ar iTxovs gasaRebis gadacemisaTvis me-
same pirs anu kuriers, gasaRebi fiqsirdeba Ria arxiT [13, 17, 23, 
32, 34, 43, 46, 54, 56, 69].  
 
  
 1.3. asimetriuli sistemebi 
 
Setyobineba anu gadasacemi teqsti, SesaZloa iyos, rogorc 
asoniSnebi, aseve anbanis rigiTi nomrebi, aseve orobiTi an aTobi-
Ti saxiT warmodgenili.  
axla ukve Ria arxiT, xdeba erTidaigive gasaRebis miReba 
kanonier momxmareblebs Soris da Semdgom am gasaRebiT infor-
maciis daSifvra, informacia ar unda Cauvardes Z mxares. Tu moa-
xerxebs mis Cagdebas, ra Tqma unda ver unda gaSifros da Se-
sabamisad ver unda miiRos gadacemuli sawyisi informacia, ix. 
nax. 1. Ria arxiT gadacemis martivi sqema. 
 
 
 
 
 
 
 
 
nax. 1.  
 
am sistemaSi algoriTmis damalva ar xdeba. anu daSifvra-
gaSifvris procesi rogor xorcieldeba es cnobilia, radgan me-
Todebi yvela momxmarebelma icis.  
X mxare Y mxare 
Z mxare 
Ria  
arxi 
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aqve aRsaniSnavia, rom kriptografiaSi 1030 aris qveda zRva-
ri. anu es imdenad didi ricxvia, rom, Tuki meTodSi gamoyene-
buli elementTa simravle miuaxlovdeba am ricxvs, maSin es me-
Todi aris gautexeli. 
exla ki ganvixiloT arsebuli meTodebi. 
 
 
1.3.1. difi-helmanis algoriTmi 
 
1976 weli aris axali era kriptografiaSi. u. difis da m. 
helmanis naSromiT dasabami daedo asimetriuli sistemebis gan-
viTarebas, rodesac gasaRebis gacvla, informaciis Sifracia (da-
Sifvra) deSifracia(gaSifvra) xdeba Ria arxiT.  
aRniSnuli procedura TiTqos martivia, magram Tanamedrove 
kompiuterebiTac ki, realur droSi, ver axerxeben gatexvas. 
algoriTmi eyrdnoba GF(P) velSi logariTmebis gamoTvlis 
sirTules.  
gasaRebis Ria arxiT gacvla xorcieldeba Semdegi sqemiT: 
X da Y mxareebs Soris xdeba informaciis gadacema  da 
miReba, ix. nax. 2. informaciis daSifvris, gaSifvris da gadacemis 
sqematuri warmodgena. 
gacxadebulia (cnobilia) P martivi, maRali rigis ricxvi 
≈2500 da a - mTeli ricxvebi (1<a<P).  
nax. 2. 
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X mxare irCevs x1 naturalur saidumlo ricxvs da kavSiris 
Ria arxiT gadascems Y mxares  
                                          y1 ≡ ax1 modP                                                 (1.1) 
gamoTvlil mniSvnelobas.  
Y mxarec SerCeuli x2 naturaluri saidumlo ricxvis meS-
veobiT aformirebs K1 gasaRebs:  
K1 = (ax1)x2  ≡ ax1x2 modP,                                      (1.2) 
Tavis mxriv, Y mxare X mxares Ria arxiT gadascems  
y
 2 ≡ a
x2 modP                                                 (1.3) 
mniSvnelobas, xolo X-i aformirebs igive K2 gasaRebs: 
K2 = (ax2)x1  ≡ ax2x1 modP.                                         (1.4) 
maSasadame, orive mxarem miiRo erTi da igive K gasaRebi: 
ax1x2 modP = ax2x1 modP =K1=K2=K.                            (1.5) 
Sifraciis medegoba (saimedooba) efuZneba X1, X2 saidumlo 
ricxvebis miRebis sirTules.   
y1 ≡ ax1 modP am gantolebidan  
x1=logay1.                                                   (1.6) 
 
am meTodis medegoba efuZneba swored aRniSnuli algoriT-
mis sirTules.  
X1 elementis povna gacilebiT rTulia, vidre vTqvaT Y1-is 
da moiTxovs p1/2  operaciis Catarebas.  
p radgan aris martivi ricxvi, igi SedarebiT naklebia 2n 
ricxvze, sadac n aris orobiTi sityvis sigrZe anu veqtoris gan-
zomileba), maSin axarisxebas dasWirdeba ≈2n operacia GF(P) velze, 
xolo galogariTmebas – 2p/2. 
Tu n=200, maSin daaxloebiT saWiroa 2n/2=2100 operaciis Ca-
tareba daaxloebiT 1030 operacia, rac praqtikulad ver ganxor-
cieldeba. aRniSnuli ricxvi aris kriptografiaSi qveda zRvari. 
ganvixiloT magaliTi:  
p = 7,   a = 2,   x1 = 4,   x2 = 3,  maSin 
y1 = 2 4 mod 7 = 2, 
K1 = 23 mod 7 = 1, 
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y2 = 2 3 mod 7 = 1, 
K2 = 14 mod 7 = 1, 
K1 = K2 = 1 = K  
amis Semdgom xdeba informaciis daSifvra aRniSnuli sai-
dumlo K gasaRebiT da xorcieldeba misi gagzavna Ria arxiT.  
vTqvaT, n = 4 – ganzomileba, informacia aris orobiTi _  
m = (0110),  e.i.  M = 5. 
X _ daSifravs informacias da Y _ gaSifravs. 
Y _ mxare iRebs K1 gasaRebs: 
KK1 = 1 (mod (p-1)) 
e.i.                                         1 × x = 1 (mod6) 
X mxare daSifravs teqsts m = (0110),  K = 1 
MK = 51 = 5 (mod 7) 
miRebuls ugzavnis Y mxares, romelic K1 = 7 gasaRebiT ga-
Sifravs 
M = MK1×K = 57  = 5 (mod 7).  
Y mxarem miiRo is informacia, rac sinamdvileSi gadacemu-
li iqna X mxaris mier [20, 22, 24, 25, 28, 33, 36, 47, 70-72, 80, 81, 83]. 
 
 
1.3.2.    RSA (raivest-Samir-eidelmanis) algoriTmi 
 
gansxvavebiT difi-helmanis algoriTmisagan, RSA axorcie-
lebs daSifruli informaciis Ria arxiT gadacemas. algoriTmi 
eyrdnoba eileris cnobil Teoremas: 
XФ(N) ≡ 1 mod N ,                                             (1.7) 
sadac Ф(N) eileris funqciaa. 
sazogadod, Ф(N)-is gamoTvla didi ricxvebisaTvis rTulia, 
magram cnobilia, rom  
Ф(N) =(p-1)×(q-1) ,                                            (1.8) 
rodesac N=pq, sadac p da q martivi ricxvebia, magram p da q ar 
aris urTierTmartivi ricxvebi, amitom Ф(N) ≠ Ф (p)× Ф (q).  
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mocemuli M informaciisaTvis 
MKA(N)+1 ≡ M modN.                                          (1.9) 
daSifrva Semdegi sqemiT xorcieldeba: saidumlo p, q da 
Ф(N) ricxvebisaTvis X mxare SeirCevs iseT e da d ricxvebs, rom-
lebic akmayofileben pirobas ed≡1modФ(N), amasTan e da N ricx-
vebs gaacxadebs, xolo d-s daasaidumloebs, maSin Y mxarem, SesaZ-
loa, e ricxvis meSveobiT daSifros M informacia:  
Me≡C modN ,                                           (1.10) 
rasac gaSifravs mxolod X mxare: 
(Me)d≡M .                                              (1.11) 
garkveuli kombinirebiT SesaZlebelia X da Y mxareebs So-
ris saidumlo informaciis gacvlis ganxorcieleba ise, rom ga-
moiricxos mesame Z subieqtis monawileobis SesaZlebloba Sifra-
ciisa da deSifraciis procesSi.  
magaliTi:  p = 5, q = 3; M = 3, maSin  
N = pq = 5×3 = 15 ,  Φ(N) = (p-1)(q-1) = 4 × 2 = 8 
ed =  Φ(N) + 1 = 8 + 1 = 9, 
e.i.                        e = 3 ,  d = 3 
Y mxare miiRebs:        
M = C d = 123 ≡3 (mod 15) 
 
 
1.3.3. elgamalis algoriTmi 
 
es algoriTmi gamoiyeneba Ria M teqstis cifruli xel-
mowerisaTvis. teqstis daSifrva ar moxdeba, magram mas daemateba 
S, R parametrebi, romlebic warmoadgenen cifrul xelmoweras. 
X mxare S da R parametrebs aformirebs cnobili _ P martivi, 
a > 1 mTeli, Y ≡ ax modp ricxvebisaTvis. x (1<x<p) saidumlo sididea 
(gasaRebi).  
R ≡ ak modp (K fsevdoSemTxveviTi ricxvia),  
S≡xR+KM' (mod(p-1)) ,                                   (1.12) 
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sadac M'=H(M), xolo H(M) heSirebis calmxrivi funqciaa (M'<P). 
Y mxare teqstis siswores amowmebs Semdegi pirobiT: 
aS ≡ yR R M' modp     /M//R//S/ .                              (1.13) 
yovel teqsts an dokuments boloSi Tan erTvis xelmowera, 
xelmowera aris iuridiuli garantia dokumentis avtorobisa, 
rom dokumenti namdvilad ekuTnis avtors da ara vinme sxvas.  
R//S/ parametrebis Semotana ufro zrdis medegobas da Sesa-
bamisad arTulebs amocnobis process, magram samagierod, saime-
doobis gazrdis xarjze, izrdeba Sifraciis droc, rac ar aris 
misaRebi. Sifraciis dro ar unda iyos Zalian didi da aseve 
Sifraciis procesi ar unda iyos dakavSirebuli sirTuleebTan.  
SesaZloa informaciis gacvlis dros moxdes aseTi faqti: 
informacia CaiWiros sxvam da Secvalos da mis nacvlad man mim-
Rebs mis mier Seqmnili informacia gaugzavnos, aseTi faqtebisa-
gan icavs xelmoweris damateba Sifroteqs [14, 16, 19, 35, 44, 67, 74, 
76, 78, 86-89].  
 
 
 1.4. simetriuli da asimetriuli sistemebis  
SedarebiTi analizi 
 
simetriuli sistemebis yvela algoriTmi saWiroebs kurie-
ris monawileobas. jer sanam moxdeba informaciis gadacema, manam-
de xdeba gasaRebis miwodeba, raTa Semdgom moxdes am gasaRebiT 
gasagzavni informaciis daSifvra da Sesabamisad miRebuli in-
formaciis gaSifvrac.  
simetriuli sistemebidan dRes-dReobiT yvelaze gavrcele-
bulia DES (Data Encryption Standard) sistema.  
algoriTmi amuSavebs 64 bitiani ganzomilebis Ria teqsts 
da iyenebs 56 bitian gasaRebs, Tumca gasaRebis yoveli me-8 biti 
luwobaze SemowmebisaTvis gamoiyeneba, amitom ZiriTad funqcias 
asrulebs 56 biti. 
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DES (Data Encryption Standard) sistema (100 – 1000) – jer metia 
swrafqmedebiT, vidre asimetriuli sistemebi, ix. cxrili 1. DES 
(simetriuli) da RSA (asimetriuli) sistemebis maxasiaTebeli para-
metrebis SedarebiTi analizis maCveneblebi. 
 
# maxasiaTebeli DES RSA 
1. Sifraciis siCqare maRali dabali 
2. gamoyenebuli 
funqcia 
gadanacvleba, 
Casma 
axarisxeba 
3. gasaRebis sigrZe 
bitebSi 
56 500-ze meti 
4. kriptoanalizis 
sirTule 
gasaRebis 
sivrceSi mTliani 
gadarCeva 
mamravlebad 
daSla 
5. gasaRebis generaciis 
dro 
miliwamebi wuTebi 
6. gasaRebis tipi simetriuli asimetriuli 
 
cxrili 1. 
 
naTlad Cans, DES da RSA sistemebis dadebiTi da uaryofiTi 
mxareebi:  
DES sistemis gasaRebis sigrZe moklea, mcire dro sWirdeba 
gasaRebis gadasinjvas, Tanac gamoyenebulia gadanacvlebis funq-
cia, rac imas niSnavs, rom gasaRebis povna ufro SesaZlebelia. 
e.i. DES sistema naklebad saimedo, advilad gatexvadia. 
 xolo RSA sistemis gasaRebis sigrZe gacilebiT metia, 
vidre DES gasaRebis sigrZe, gasaRebis amorCevisaTvis gamoiyeneba 
axarisxebis funqcia, rac imas niSnavs, rom sakmaod didi droa 
saWiro gasaRebis povnisaTvis, realur droSi SeuZlebelic ki 
aris. es migviTiTebs imaze, rom RSA aris saimedo da xasiaTdeba 
maRali medegobiT. 
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I Tavis daskvna 
 
ganxilul iqna kriptografia, informaciis dacva _ dasai-
dumloeba, maTi gamoyenebis areali, meTodika da praqtikuli 
gamoyenebis SesaZleblobebi. 
kriptografia ori mimarTulebiT viTardeba: simetriuli da 
asimetriuli.  
simetriuli aris iseTi sistemebi, rodesac gasaRebis gacv-
la xorcieldeba daxuruli arxiT, anu mesame piris, kurieris ga-
moyenebiT. 
asimetriuli sistemebis gamoyenebis dros ki, gasaRebis mi-
Reba orive kanonier momxmarebels Soris xdeba sruliad Riad, 
Ria arxiT, magram imdenad daculad, rom misi gatexva mesame 
arakanonieri momxmareblis mier (hakeri) SeuZlebelia.  
ganvixilul da aRweril iqna orive sistemebis Sesabamisi 
meTodebi da algoriTmebi, magaliTebi da maTi maxasiaTeblebi, 
dadebiTi da uaryofiTi mxareebi.  
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შედეგები და მათი განსჯა 
Tavi II. 
 asimetriuli sistemis matriculi 
meTodis SemuSaveba 
 
zemoT ukve aRniSnul da ganxilul iqna asimetriuli da si-
metriuli sistemebi, maTi dadebiTi da uaryofiTi mxareebi. ganxi-
luli iqna sxvadasxva magaliTebi. 
am SemTxvevaSi, Cven viyenebT asimetriuli sistemebidan erT-
erTs, difi-helmanis meTods. 
 
 
2.1. asimetriuli meTodi 
 
amocana 1. gvaqvs ori X da Y  mxareebi.  
gacxadebulia (cnobilia) P (martivi) ricxvi, cnobilia e veq-
tori.  e.i. cnobilia ganzomileba, aseve cnobilia veqtoris da 
matricis elementebi, radgan viciT P ricxvi.  
maSasadame, cnobilia matricaTa simravle, rac yvelasaTvis 
xelmiswavdomia. 
X mxare irCevs Tavis A1 saidumlo matricas matricaTa sim-
ravlidan da kavSiris Ria arxiT gadascems Y mxares gamoTvlil  
y1   mniSvnelobas  
y1 ≡ e× A1 modP .                                            (2.1) 
Y-i SearCevs Tavis A2 saidumlo matricas da aformirebs K gasa-
Rebs:  
K1 = (e× A1) ×A2 ≡e× A1×A2 modP .                         (2.2)  
Tavis mxriv Y mxare X mxares Ria arxiT gadascems gamoTv-
lil y2 mniSvnelobas  
y
 2 ≡ e× A2 modP ,                                             (2.3)  
xolo X-i aformirebs K gasaRebs: 
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K2 = (e× A2) ×A1 ≡e× A2×A1 modP .                                (2.4) 
maSasadame, orive mxarem miiRo erTidaigive K gasaRebi _ 
K = e× A1×A2 modP≡e× A2×A1 modP .                              (2.5) 
Sifraciis medegoba (saimedooba) efuZneba, A1 da A2 saidum-
lo matricebis, matricaTa simravlidan amorCevis sirTules.   
aqve unda aRvniSnoT ganxiluli meTodis mniSvnelovani sa-
kiTxi, rac mdgomareobs SemdegSi: imisaTvis rom, orive mxarem, 
miiRos erTidaigive K gasaRebi aucilebelia da sakmarisi, iseTi 
A1 da A2 matricebi, da saerTod, matricaTa simravle, saidanac 
moxdeba am matricebis amorCeva, aucileblad Sedgebodes ur-
TierTkomutatiuri matricebisagan, rac imas niSnavs, rom 
A1×A2  ≡ A2×A1 ,                                       (2.6)  
winaaRmdeg SemTxvevaSi, X da Y mxareebi erTidaigive K gasaRebs 
ver miiReben, rac aucilebelia warmodgenili meTodisaTvis.  
maSasadame, jer unda Seiqmnas komutatiur matricaTa sim-
ravle da mxolod mas Semdeg, X da Y mxareebi am simravlidan 
airCeven nebismier A1 da A2 saidumlo matricebs da Semdgom ga-
moiyeneben am amocanisaTvis.  
e.i. Sifraciis medegoba efuZneba A1 da A2 saidumlo matri-
cebis, mocemuli matricaTa simravlidan amorCevis sirTules, 
miuxedavad imisa, rom winaswar cnobilia komutatiur matricaTa 
simravle, aseve cnobilia ganzomileba da Sesabamisad cnobilia 
e veqtoris sigrZec, cnobilia e veqtorSi da saerTod matricaTa 
simravleSi Semavali TiToeuli matricis Semcveli elementebi, 
romelTa mniSvneloba ar aRemateba P martiv ricxvs, romlis 
mniSvnelobac winaswar gacxadebulia, magram mainc, miuxedavad 
amisa, SeuZlebelia aseTi matricebis ageba calsaxad da, saer-
Tod, aseTi matricebis simravle aris M(n×n), sadac M _ matricaSi 
Semavali elementebis sididea, n ki _ ganzomileba. vTqvaT, M=10, 
xolo n=6, e.i. gvaqvs 1036 simravle, es ki iseTi simravlea sai-
danac, realur droSi, SeuZlebelia matricis amorCeva.  
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e.i. rac metia e veqtoris sigrZe anu Sesabamisad metia mat-
ricis ganzomilebac, miT Znelia da saerTod SeuZlebeli xdeba 
am meTodis gatexva. ganzomilebis gazrdasTan erTad, sakmaod 
swrafad izrdeba matricaTa simravleSi Semavali matricaTa rao-
denoba da Sesabamisad, mesame Z subieqtisaTvis, miT ufro rTul-
deba da etapobrivad SeuZlebeli xdeba, mocemuli matricaTa 
simravlidan, im ori konkretuli A1 da A2 saidumlo matricebis 
amorCeva, rasac gvidasturebs am meTodis maxasiaTeblebi, ix. 
cxrili 2. miRebuli asimetriuli meTodis maxasiaTeblebi.  
 
# maxasiaTeblebi amocanis Sedegebi 
1. Sifraciis siCqare maRali 
2. gamoyenebuli funqcia gamravleba 
3. gasaRebis sigrZe 6 ganz. matrica 
4. kriptoanalizis sirTule simravlidan amorCeva 
5. gasaRebis generaciis dro wamebi 
6. gasaRebis tipi asimetriuli 
 
cxrili 2. 
 
naTlad Cans, rom ganxiluli amocana iZleva karg Sedegs: 
maRali Sifraciis siCqare, gamravlebis funqcia, gasaRebis sigrZe 
dabali, matricaTa simravlidan amorCevis sirTule, gasaRebis 
generaciisaTvis saWiro wamebi, gasaRebis tipi _ asimetriuli sis-
tema. 
zemoaRniSnulidan gamomdinare, SeiZleba vTqvaT, rom es 
amocana gvaZlevs karg Sedegs.  
amocanaSi warmodgenili meTodi da Sesabamisad, masSi gan-
xiluli algoriTmi aris saimedo, mis sirTules warmoadgens 
matricaTa simravlidan A1 da A2 matricebis amorCevas, P moduliT.  
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am meTodis medegoba efuZneba A1 da A2 matricebis amorCevis 
sirTules. amorCevis procesi ki sakmaod daculia da "gansazRv-
rul" (konkretul) droSi SeuZlebelia maTi amorCeva. 
e.i. amocanaSi aRwerili, asimetriuli sistemis axali meTo-
di, gamoirCeva maRali medegobiT [97-109]. 
 
magaliTi:      e  = (0,1,1)    
 
0 1 1 
A1 =  1 1 0 
 1 0 0 
 
  0 1 1  0 1 1  0 1 0  
A2 = A12 = 1 1 0 × 1 1 0 = 1 0 1 (mod 2) 
  1 0 0  1 0 0  0 1 1  
 
X mxare (2.1) formuliT gamoTvlis _  
      0 1 1       
eA1 = 0 1 1 × 1 1 0 = 0 1 0 (mod 2) = b1 
      1 0 0       
 
Y mxare (2.2) formuliT miiRebs gasaRebs _  
      0 1 0       
b1A2 = 0 1 0 × 1 0 1 = 1 0 1 (mod 2) = K1 
      0 1 1       
 
Y mxare (2.3) – iT miiRebs _ 
      
0 1 0 
      
eA2 = 0 1 1 × 1 0 1 = 1 1 0 (mod 2) = b2 
      0 1 1       
 
X mxare (2.4) formuliT miiRebs gasaRebs _ 
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      0 1 1       
b2A1 = 1 1 0 × 1 1 0 = 1 0 1 (mod 2) = K2 
      1 0 0       
 
K1 = K2 = K. 
rac gvindoda dagvemtkicebina, magram erTidaigive K gasa-
Rebi miiReba mxolod im SemTxvevaSi, roca matricebi aris komu-
tatiuri anu  
A1 ×A2 = A2× A1 
 
  0 1 1  0 1 0  1 1 0  
A1A2 = 1 1 0 × 1 0 1 = 1 1 1 (mod 2)
  1 0 0  0 1 1  0 1 0  
 
  0 1 0  0 1 1  1 1 0  
A2A1 = 1 0 1 × 1 1 0 = 1 1 1 (mod 2)
  0 1 1  1 0 0  0 1 0  
 
aRniSnul meTodSi, rogorc zemoT aris ganxiluli, moce-
mulia moduli, maSasadame cnobilia matricis elementebis sidi-
de M; mocemulia veqtori, e.i. cnobilia ganzomileba n,  rogorc 
matricis aseve veqtoris; aqedan gamomdinare SesaZlebelia in-
formaciis dayofa zustad blokebad arakanonieri momxmareblis 
mier; cnobilia matricaTa simravle Mn×n, saidanac xdeba maTi 
amorCeva.  
sakmarisia M = 10, n = 6, am SemTxvevaSi matricaTa simravle 
iqneba 1036, es ki imdenad didi ricxvia, rom aseTi simravlidan im 
ori konkretuli matricis amorCeva, realur droSi, aris SeuZle-
beli.   
miuxedavad imisa, rom yvela sidide cnobilia garda im ori 
konkretuli matricisa, am meTodis gatexva SeuZlebelia arakano-
nieri momxmareblis mier. 
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maSasadame, am meTodis maRali medegoba efuZneba A1 da A2  
matricaTa amorCevis sirTules, mocemuli matricaTa simravli-
dan. 
 
 
2.2. asimetriuli sistemis matriculi meTodis  
sinTezi simetriul meTodTan 
 
amocana 2. gvaqvs ori X da Y  mxareebi, romelTa Soris 
xdeba erTidaigive gasaRebis dafiqsireba da Semdgom ki am gasa-
RebiT, informaciis daSifvra-gaSifvra da Sesabamisad gacvla.  
am meTodiT xdeba simetriuli da asimetriuli meTodebis 
sinTezi. 
pirvel rigSi sanam dafiqsirdeba gasaRebi, simetriuli me-
Todis gamoyenebiT, anu kurieriT xdeba e veqtoris gacvla. amis 
Semdeg ukve asimetriuli (Ria) meTodiT xdeba yvela danarCeni 
operaciebis Catareba. 
gacxadebulia (cnobilia) P _ martivi ricxvi, e.i. cnobilia 
veqtoris da matricis elementebis sidide. 
agreTve yvelasaTvis cnobilia matricaTa simravle, saida-
nac xdeba matricaTa amorCeva, romlebic gamoiyeneba, raTa orive 
X da Y  mxareebma miiRon erTidaigive  K gasaRebi.  
X mxare irCevs Tavis A1 saidumlo matricas da kavSiris 
Ria arxiT gadascems Y mxares gamoTvlil y1   mniSvnelobas  
y1 ≡ e× A1 modP .                                                 (2.7) 
Y-i SearCevs Tavis A2 saidumlo matricas da aformirebs K  
gasaRebs:  
K = (e× A1) ×A2 ≡e× A1×A2 modP .                                  (2.8)  
Tavis mxriv Y mxare X mxares Ria arxiT gadascems gamoTv-
lil y2 mniSvnelobas  
y
 2 ≡ e× A2 modP ,                                                (2.9) 
xolo X-i aformirebs K gasaRebs: 
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K = (e× A2) ×A1 ≡e× A2×A1 modP .                               (2.10) 
maSasadame, orive mxarem miiRo erTidaigive K gasaRebi: 
K = e× A1×A2 modP≡e× A2×A1 modP .                           (2.11) 
Sifraciis medegoba (saimedooba) efuZneba, A1 da A2 sai-
dumlo matricebis, matricaTa simravlidan amorCevis sirTules 
da kidev garda amisa, radgan ucnobia e veqtori, Sesabamisad uc-
nobia ganzomileba. aqedan gamomdinare arakanonieri momxmarebeli 
ver moaxdens informaciis dayofas blokebad, rac mas seriozul 
problemebs Seuqmnis. Sesabamisad ver mixvdeba, romeli ganzomi-
lebis matricebi gamoiyenos, romeli simravlidan. e veqtoris da-
saidumloebam amocanis isedac maRali medegoba kidev ufro ga-
zarda, ix.  cxrili 3. simetriuli da asimetriuli matriculi 
meTodis sinTezis Sedegad miRebuli axali meTodis maxasiaTeb-
lebi.  
 
# maxasiaTebeli amocanis Sedegebi 
1. Sifraciis siCqare saSualo 
2. gamoyenebuli funqcia gamravleba 
3. gasaRebis sigrZe  6 ganz. matrica 
4. kriptoanalizis sirTule simravlidan amorCeva 
5. gasaRebis generaciis dro wamebi-wuTebi 
6. gasaRebis tipi sinTezi 
 
cxrili 3. 
 
e.i. naTlad Cans, rom ganxiluli amocana iZleva karg Se-
degs: saSualo siCqare, gamravlebis funqcia, gasaRebis sigrZe da-
bali, matricaTa simravlidan amorCevis sirTule, gasaRebis gene-
raciisaTvis saWiro wuTebi, gasaRebis tipi _ simetriuli da asi-
metriuli sistemebis sinTezi. 
amocanaSi warmodgenili meTodi da Sesabamisad, masSi gan-
xiluli algoriTmi aris saimedo.  
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am meTodis medegoba efuZneba A1 da A2  matricebis amorCevis 
sirTules Mn×n simravlidan da kidev veqtorTa amorCeva n! simrav-
lidan.. amorCevis procesi ki sakmaod daculia da "gansazRvrul" 
(konkretul) droSi SeuZlebelia maTi amorCeva. 
e.i. amocanaSi aRwerili, simetriuli da asimetriuli sis-
temebis sinTezis axali meTodi, gamoirCeva maRali medegobiT [90, 
92, 93-96, 105, 106, 108]. 
 
 
 
2.3. matricis dasaidumloeba 
 
amocana 3. zemoT aRniSnul meTodebSi SesaZloa kidev mcire 
cvlileba SevitanoT, miviRebT meTods, romelSic gasaRebis 
generacia moxdeba Zalian swrafad, miliwamebSi.  
amocana 2-Si ucnobia veqtori, danarCeni yvelaferi darCa 
igive da saimedooba Zalian gaizarda, rac gamoiwvia veqtoris da-
saidumloebam.   
amocana: radgan simetriuli meTodi ukve gamoviyeneT veqto-
ris gadasacemad, amitom umjobesi iqneba, rom matricis gadacemac 
moxdes saidumlod. 
e.i. simetriuli meTodis anu kurieris gamoyenebiT erTd-
roulad moxdeba veqtoris da matricis gadacema, amis Semdgom ki 
gasaRebis dafiqsireba da informaciis Sifracia-deSifracia mox-
deba analogiurad, rogorc es zemoT aris aRniSnuli. 
radgan matricas gadavcemT saidumlod, mimRebi miliwamebSi 
moaxdens miRebuli matricis komutatiuri matricis povnas, Sesa-
bamisad miliwamebSi moaxdens gasaRebis generacias. amis Semdeg 
ki Sifraciis dro ki ar Seicvleba, rCeba igive, magram jamSi Seg-
viZlia vTqvaT, rom Sifraciis siCqare maRalia.  
aRniSnul meTodSi gasaRebis generaciis dro aris miliwa-
mebi, rac aris sakmaod mcire vidre wina meTodebTan SedarebiT. 
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2.4. arsebuli da miRebuli axali meTodebis 
SedarebiTi analizi 
 
rogorc zemoT aris aRniSnuli simetriuli meTodebi anu 
daxuruli meTodebi kurieris gamoyenebiT aris Zalian swrafi da 
maRali maxasiaTeblebiT xasiaTdeba, samagierod medegoba aris 
dabali. magram Tuki gvinda, rom raRac informacia gadavceT 
erTjeradad, an informacia aris mcire zomis, an gvinda rom in-
formaciis miwodeba mimReb mxares moxdes rac SeiZleba Zalian 
swrafad, maSin ufro gamoyenebadia simetriuli meTodebi. Tumca-
Ra viJineris meTodi sxva danarCeni simetriul meTodebTan Seda-
rebiT yvelaze saimedoa. 
rac Seexeba asimetriul meTodebs, rogoricaa difi-helma-
nis meTodi, elgamalis algoriTmi, xelmoweris algoriTmi da 
a.S., maTi saimedooba aris gacilebiT maRali vidre simetriulis, 
magram samagierod Sifraciis siCqare aris dabali, rac naTlad 
Cans mis maxasiaTeblebSi. magram Tuki, gvinda rom gadavagzavnoT 
didi zomis informacia da CvenTvis am SemTxvevaSi ufro meti 
mniSvneloba aqvs saimedoobas vidre Sifraciis siCqares, maSin vi-
yenebT asimetriul meTodebs. 
am or meTodSi Cans rom, Tu vigebT erT romelime maxasia-
TebelSi vagebT meoreSi an piriqiT. 
Cvens mier ki, ganxilul da miRebul iqna sxvadasxva meTo-
debi: 
1. difi-helmanis meTodis gamoyenebiT SevqmeniT axali me-
Todi, oRond difi-helmanis axarisxeba SevcvaleT matricaze gam-
ravlebiT. axarisxebas ufro meti dro sWirdeba (mamravlebad 
daSla) vidre matricaze gamravlebas, anu Sifraciis siCqare gai-
zarda, aseve gaizarda gasaRebis generaciis droc, da Tanac me-
Todi aris asimetriuli. 
2. meore SemTxvevaSi gamoviyeneT orive meTodis sinTezi, 
simetriulic da asimetriulic. veqtoris gadacema xdeba daxu-
ruli arxiT da Semdgom ki, yvela procedura xorcieldeba Ria 
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arxiT. am faqtma mogvca, is rom Sifraciis siCqare Semcirda, 
magram samagierod kidev ufro gaizarda medegoba. ganzomileba 
gaxda ucnobi, ris gamoc arakanonieri momxmarebeli ver SeZlebs 
informaciis dayofas blokebad, rac informaciis gaSifvrisaTvis 
erT-erTi mTavari etapia. 
3. mesame SemTxvevaSi ki, radgan ukve meore meTodSi gamo-
yenebuli gvqonda orive meTodi, am SemTxvevaSi ki erTdroulad 
movaxdineT daxuruli arxiT, anu kurieriT, veqtoris da mat-
ricis gadacema, ramac mogvca saukeTeso Sedegi. mimRebi miliwa-
mebSi afiqsirebs komutatiur matricas da Sesabamisad gasaReb-
sac. anu gasaRebis generaciis dro kidev ufro Semcirda, siCqare 
gaizarda; magram es ar momxdara medegobis xarjze. SeiZleba 
iTqvas, rom medegoba ucvlelia anu sakmaod maRalia da Sesaba-
misad meTodic saimedoa. 
 
 
 
II Tavis daskvna 
 
Cvens mier Seqmnili iqna axali meTodebi, arsebul meTodeb-
ze dayrdnobiT, romlebic ganxilul iqna pirvel TavSi.  
gamoyenebul iqna simetriuli da asimetriuli sistemebi, 
movaxdineT maTi sinTezi.  
pirveli meTodiT ganvaxorcieleT gasaRebis miReba da 
informaciis daSifvra Ria arxiT, anu gamoiyenebul iqna asimet-
riuli meTodi, kerZod _ difi-helmanis meTodi. aRniSnul meTod-
Si gamoyenebuli axarisxebis funqcia, Secvlili iqna matricaze 
gamravlebiT.  
meore meTodSi, simetriuli (daxuruli) arxiT movaxdineT 
veqtoris gacvla, Semdgom ki Ria arxiT orive momxmarebeli 
iRebs gasaRebs da miRebuli gasaRebi gamoiyeneba informaciis da-
SifvrisaTvis da Sesabamisad gaSifvrisaTvisac, rogorc pirvel 
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meTodSi. veqtoris dasaidumloebam, kidev ufro gazarda saime-
dooba, radgan arakanonieri momxmareblisaTvis ucnobi xdeba gan-
zomileba, aqedan gamomdinare igi informacias ver dayofs blo-
kebad, misTvis ucnobi iqneba aseve ra ganzomilebis matrica unda 
gamoiyenos da Sesabamisad ver gaSifravs informacias, realur 
droSi, Tundac rom, igi mTlianad Cauvardes xelSi.  
mesame meTodSi ki _ radgan daxuruli arxi ukve gamoye-
nebul iqna, veqtorTan erTad gadavcemT saidumlo matricasac. 
mimRebi miliwamebSi agebs komutatiur matricas da gasaRebic 
orive mxares dafiqsirdeba Zalian swrafad.  
e.i. miviReT sxvadasxva meTodebi, romlebic xasiaTdeba uke-
Tesi maxasiaTeblebiT, vidre arsebuli: gamoirCeva maRali siC-
qariT da saimedoobiT, gamoiyeneba gadanacvlebis funqcia, krip-
tosirTules warmoadgens matricaTa simravlidan amorCevis sir-
Tule.  
aRniSnuli meTodebis funqcionirebisaTvis aucilebelia da 
sakmarisi, rom matricebi iyos komutatiuri, anu urTierTgadas-
madi.  
aRniSnul matricaTa simravlis Seqmna da gamoyeneba moce-
mulia mesame TavSi.  
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ექსპერიმენტული ნაწილი 
Tavi III. 
komutatiuri matricaTa simravlis gamoyeneba  
axali meTodisaTvis 
 
amocana mdgomareobs SemdegSi: avagoT simetriuli da komu-
tatiuri matricebis simravle. Semdgom es simravle gamoviyenoT 
kriptografiaSi, kerZod zemoT aRniSnul meTodebSi. movaxdino 
informaciis dasaidumloeba e.i. daSifvra am simravlidan aRebu-
li nebismieri matricis gamoyenebiT da mimRebma unda moaxdinos 
miRebuli informaciis gaSifvra, am simravlidan nebismeri matri-
cis aRebiT.  
 
3.1. sxvadasxva saxis matricebis ganxilva 
 
matrica aris nulovani, Tu misi yvela elementi nulis to-
lia. 
matrica aris erTeulovani, Tu misi diagonalze moTavsebu-
li elementebi aris erTis toli. 
matrica aris gadaugvarebeli niSnavs, rom aqvs Sebrulebu-
li, e.i. determinanti ar udris nuls. 
A A-1 = 1.                                                     (3.1) 
A matricas transponirebuli matrica aRiniSneba AT da akma-
yofilebs pirobas 
A AT = 0 .                                                      (3.2) 
matrica aris simetriuli, Tu igi ar icvleba transponire-
bis dros, anu  
A = AT ,                                                           (3.3) 
(A T) T = A .                                                        (3.4) 
matrica aris orTogonaluri, Tu 
A-1 = AT .                                                          (3.5) 
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matrica aris kvadratuli, Tu misi svetebisa da striqo-
nebis raodenoba tolia. imisaTvis, rom SevqmnaT komutatiur mat-
ricaTa simravle, pirvel rigSi unda gaviTvaliswinoT, rom yove-
li matrica unda iyos kvadratuli 
 
  A11 A12 A13 ... A1n 
  A21 A22 A23 ... A2n 
Amn = A31 A32 A33 ... A3n 
         ... ... ... ... ... 
  Am1 Am2 Am3 ... Amn 
(3.6) 
 
roca m = n anu svetebis da striqonebis raodenoba tolia, 
anu matrica kvadratulia, maSin SesaZloa komutatiuri matrice-
bis ageba [1-9]. 
 
 
3.2. komutatiuri-kvadratuli matricebi 
 
e.i. imisaTvis rom matricebi iyos komutatiuri, erT-erTi 
aucilebelia pirobaa, rom matricebi iyos kvadratuli. 
kvadratuli matricis zogadi saxe: 
 
mnmm
n
n
aaa
aaa
aaa
...
..................
...
...
21
22221
11211
                      (3.7) 
 
roca m=n –s, aseT matricas ewodeba kvadratuli. pirvel indeq-
sad yovelTvis aris striqonebis raodenoba, meore ki – svetebis. 
e.i. m aris striqonebis raodenoba, n  _ svetebis [28, 62, 90].  
aRniSnuli matrica mokled SegviZlia CavweroT: 
  
49 
ika   (i = 1, 2, ..., m;  k = 1, 2, ..., n). 
SegviZlia matrica CavweroT aseTi saxiT: 
n
ikaA 1=  
vTqvaT gvaqvs ori matrica A da B. 
gansazRvreba: ori kvadratuli matricis ikaA = da  
ikbB = jami udris mesame ikcC = matricas igive m×n  gan-
zomilebiT: 
C = A + B , 
Tu cik
 
= aik + bik   ( i = 1, 2, ..., m;  k = 1, 2, ..., n ).  
 
magaliTad: 
332211
332211
321
321
321
321
,,
,,
dbdbdb
cacaca
ddd
ccc
bbb
aaa
+++
+++
=+ , 
321
321
321
321
ababab
aaaaaa
bbb
aaa
=α , 
aqedan Cans rom:  
a(A + B) = aA + aB 
                   (a +β)A – aA + βA                                              (3.8) 
                                                           (aβ)A = a(βA)                 
A – B = A + (-1)B 
matricebis gamravleba:  
33221133221332211
332211332211332211
333
222
111
321
321
,,
,,
ebebebdbdbdbcbcbcb
eaeaeadadadacacaca
edc
edc
edc
bbb
aaa
++++++
++++++
=×  (3.9) 
magaliTi:  
4,18
2,8
1403,3423
,1201,3221
1,3
0,2
4,3
2,1
=
⋅+⋅⋅+⋅
⋅+⋅⋅+⋅
=×  
magram Tu gaviTvaliswinebT moduls, da aviRebT xuTis 
tols, maSin miviRebT  
4,3
2,3)5mod(
4,18
2,8
=  
kvadratuli matricis Tvisebebi: 
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1. kvadratuli matricis nebismieri ori svetis an stri-
qonis gadaadgilebiT miviRebT sxva matricas, magram ganzomileba 
ar Seicvleba.  
2. Tu kvadratul matricas aqvs ori erTnairi sveti an 
striqoni, maSin misi determinanti nulis tolia. 
3. Tu kvadratuli matricis ori romelime svetis an stri-
qonis elementebi proporciulia, maSin misi determinanti nulis 
tolia.  
4. Tu matricis sveti an striqoni aris romelime sxva sve-
tis an striqonis wrfivi kombinacia, maSin aseTi matricis deter-
minanti nulis tolia. 
5. saerTo mamravli svetis an striqonis SegviZlia gamov-
yoT  
 
λa11 a12 a11 a12 
λa21 a22 
= λa11a22-λa21a12 = λ(a11a22-a21a12) = λ 
a21 a22 
 
6. kvadratuli matricis determinanti ar Seicvleba, Tu 
romelime svetis an striqonis elementebs davamatebT misi stri-
qonis an svetis Sesatyvis elementebs, nebismier ricxvze gamrav-
lebiT: 
 
a11 a12 a11 a12 
a21 a22 
= 
a21+λa11 a22 +λa12 
= a11(a22+λa12)-a12(a21+λa11) = 
        
= a11a22 – a12a21 + λ(a12a11 – a12a11) = a11a22 – a12a21 
 
7. kvadratuli matricis nebismieri svetebisa da striqo-
nebis elementebis jami algebruli damatebebiT misi Sesatyvisi 
svetebiTa da striqonebiT nulis tolia. 
ai1Aj1 + ai2Aj2 + ... + aimAjn = 0, roca i≠j 
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8. determinanti ori matricis namravlisa udris am ori 
matricis determinantTa namravls 
det (AB) = det(A) ×det(B) 
A, B, C matricebi unda akmayofilebdnen pirobebs, rogori-
caa: komutatiuroba, asociaciuroba da distribiciuloba: 
A + B = B + A 
A + ( B + C ) = ( A + B ) + C                                (3.10) 
( F + G ) ( A + B ) = FA + FB + GA + GB 
vTqvaT A,  B da C  matricebi akmayofileben Semdeg Tvisebebs: 
( A B ) C = A ( B C ) 
A ( B + C ) = AB + AC 
( A + B ) C = AC + BC                                   (3.11) 
( AB ) T = BT AT 
A( s B ) = s A B sadac s aris ricxvi [9, 39, 57, 106, 109].  
 
A da B ori matrica akmayofilebs Semdeg pirobas: AB nam-
ravlze SegviZlia vTqvaT, rom “A matrica mravldeba B matricaze 
marcxnidan” an  “B matrica mravldeba A matricaze marjvnidan”, 
Tu orive matrica aris kvadratuli da erTidaigive ganzomile-
bis, maSin SegviZlia vTqvaT, rom orive namravli AB da BA, miu-
xedavad imisa, rom maTi elementebi gansxvavebulia erTmaneTi-
sagan  
AB = BA .                                                 (3.12) 
aseT matricebs ewodeba urTierTkomutatiuri matricebi 
anu gadasmadi.  
 
 a11 a12 a13  b11 b12 b13  
AB = a21 a22 a23 × b21 b22 b23 = 
 a31 a32 a33  b31 b32 b33  
 
 
 
  
52 
  3 
∑ a1jbj1 
   j=1 
  3 
∑ a1jbj2 
  j=1 
  3 
∑ a1jbj3 
   j=1 
  3 
∑ a2jbj1 
   j=1 
  3 
∑ a2jbj2 
  j=1
 
  3 
∑ a2jbj3 
   j=1 
  3 
∑ a3jbj1 
   j=1 
  3 
∑ a3jbj2 
  j=1 
  3 
∑ a3jbj3 
   j=1 
(3.13) 
 
Tu A da B matricebis rangi tolia, maSin aseTi matricebi 
aris eqvivalenturi r (A) = r (B)  [15, 18, 26, 29, 37-42]. 
Cvens mier Seqmnil meTodSi gamoiyeneba swored aseTi Tvi-
sebebis mqone matricebi. garda amisa Cvens amocanaSi veqtors vam-
ravlebT matricaze. SegviZlia warmovadginoT veqtori rogorc 
erTganzomilebiani svetis mqone matrica.  
 
a b c  x  a b c  x 0 0 
d e f × y = d e f × y 0 0 
g h i  z  g h i  z 0 0 
 
da saerTod aRniSnuli matrica 
a b c 
d e f 
g h i 
 
SesaZloa warmovadginoT Semdegi saxiT: 
a b c 0 0 
d e f 0 0 
g h i 0 0 
0 0 0 0 0 
0 0 0 0 0 
 
miRebuli xuT ganzomilebiani matrica da zemoT aRniSnuli 
sam ganzomilebiani matrica, aris absoluturad erTidaigive.  
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gaviTvaliswineT ra, zemoT aRniSnuli matricaTa yvela 
Tvisebebi da miviReT Semdegi Sedegebi. 
ganvixiloT magaliTebi:  
1) Tavidan aviRoT patara ganzomilebis matricebi, magram 
male iwyebs matrica gameorebas. e.i. baza ar iqmneba. 
2) SemdgomSi davakvirdeT meramdene maticaze iwyebs gameo-
rebas, aseve davakavSiroT modulsac, magram raime kanonzomiere-
bas ver mivakvlevT. 
3) Semdeg etapze vcvaloT _ xan ganzomileba _ xan moduli 
da davakvirdeT gameorebis princips, mivalT erT daskvnamde, rom 
modulis gazrda ufro did efeqts gvaZlevs vidre ganzomilebis 
gazrda, rac imas niSnavs, rom roca ganzomilebas vzrdiT da mo-
duls igives vtovebT matrica mainc male meordeba, SeiZleba 
ufro adrec vidre Secvlamde, magram roca ganzomilebas vto-
vebT igives da gavzardiT moduls e.i. matricaSi Semavali ele-
mentebis simravles, maSin matrica ufro gvian iwyebs gameorebas. 
aqedan daskvna: modulis gazrda iZleva ufro karg Sedegs vidre 
ganzomilebis gazrda. 
4) axal ki aviRoT iseTi matricebi, romlebic mogvcems 
iseT simravles, romlis ricxvi iqneba daaxloebiT 1030.  
nebismieri matricebi: moduliT 5:  
1) ganvixiloT sxvadasxva saxis matricebi 5-is moduliT _ roca 
n=4 , m=5 ; simravle iqneba  - 516– simravle, cvladebis ricxvia – 16.  
Semdgom gadavsinjoT simetriuli matricebi moduliT 5: 
1) n=4 m=5   516 – simravle, cvladebis ricxvia – 16, am SemTxvevaSic 
kargi Sedegi miiReba. 
amis Semdeg vnaxoT nebismieri matricebi oRond gavzardoT 
moduli: 
1) n=4 , m=11 1116 – simravle, 16 - cvladebis ricxvi.  gameoreba iw-
yeba Zalian gvian, faqtiurad SeiZleba iTqvas, rom baza Sedga. 
axla ki, unda ganvixiloT isev simetriuli matricebi, 
oRond simravle miaxloebuli unda iyos zemodan 1030 ricxvs.  
ganvixiloT aseTi magaliTebi: 
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1) jer ganvixiloT aseTi magaliTi:  
ganzomileba n=5 
moduli d=11 
simravle N=1125 
magram cvaldebis raodenoba aris 25 
2) ganvixiloT Semdegi magaliTi:  
ganzomileba n=7 
moduli d=11 
simravle N=1149 
magram cvaldebis raodenoba aris 49. 
am SemTxvevebSic gvian iwyebs matrica gameorebas, anu sim-
ravle iqmneba.  
 
3.3. nebismieri saxis matricebi 
 
Semdgom ganvixiloT nebismieri saxis matricebi, oRond 
simravle miaxloebuli unda iyos zemodan 1030 ricxvs.  
1) pirvel etapze vixilavT aseT magaliTs:  
ganzomileba n=7 
moduli d=11 
simravle N=1149 
magram cvaldebis raodenoba aris 49. 
2) Semdeg vixilavT aseT magaliTs:  
ganzomileba n=9 
moduli d=11 
simravle N=1181 
magram cvaldebis raodenoba aris 81. 
faqtobrivad gameoreba aRarc ki dafiqsirda. 
Semdgom ganvixiloT nebismierad aRebuli simetriuli oro-
biTi matricebi: 
moduli = 2 
ganzomileba = 16 
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cvladebis raodenoba = 216*8 = 2128 
n=16, m=2  216×16 – simravle, 128 _ cvladebis ricxvi.  
orobiTi matricebis gamoyenebis dros ufro kargi Sedegi 
miviReT, faqtiurad gameoreba Sewyda da Sesabamisad Seiqmna mat-
ricaTa simravle.  
 roca    m=10 – matricaSi Semavali elementebi (mod) 
           n=30 – matricis ganzomileba 
           N=mn=1030 – matricaTa simravle. 
aqedan naxevari aris horizontalurad simetriuli da naxevari 
vertikalurad simetriuli matricebi. e.i. mn/2 – aris simetriuli 
horizontalurad da mn/2 – aris simetriuli vertikalurad. garda 
amisa isic cnobilia, rom erT matricaSi cvladebis ricxvia 
30*15=450, es sakmaod didi ricxvia. Zebnis, anu simravlidan 
amorCevis xangrZlivobis dro  
t=mn×N×T ,                                                   (3.14) 
N – operaciaTa Catarebis ricxvi, 
T – e.g.m.-is dro, 
t – es aris sakmaod didi ricxvi da maRali medegobiT xasiaTdeba.  
 aqedan gamomdinare, Tu SevqmniT aseT 1030 ricxvis tol sim-
ravles nebismieri SemTxveviT aRebuli ricxvebis Semcveli da 
amavdroulad simetriuli matricebidan, miviRebT simravlis sak-
maod didi ricxvs, rac zemoT ukve kargad avRniSneT, romelic 
gamoirCeva didi medegobiT, sakmaod didi drois faqtoriT, 
saimedo da Sedegiani iqneba misi gamoyeneba kriptografiaSi.  
am SemTxvevaSi radgan ganvixileT simetriuli matricebi 
miviReT aseTi Sedegi: yoveli meore anu yoveli kenti iyo y Rer-
Zis simetriuli, xolo yoveli luwi x RerZis simetriuli, imas 
ara aqvs arsebiTi mniSvneloba, romeli iyo y RerZis simetriuli 
da romeli x RerZis simetriuli, mTavari faqtori aris is rom 
simravlis naxevari aRmoCnda y RerZis simetriuli, meore naxe-
vari ki x RerZis simetriuli. e.i. simravlis naxevari - mn/2 aris y 
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RerZis simetriuli. xolo meore naxevari -  mn/2 aris  x RerZis 
simetriuli. Tumca es jamSi simravles ricxobrivad ar cvlis.  
matricaSi Semavali elementebis ricxvi aris n2 (zogadad). 
xolo aqedan ucnobia – n2/2 (Cvens SemTxvevaSi), radgan ganvixileT 
simetriuli matricebi. 
e.i. Tu erT veqtors gavamravlebT matricaze da miviRebT 
raRac veqtors, gveqneba 30 gantoleba da 450 ucnobi. aseTi matri-
cebis amoxsna calsaxad SeuZlebelia.  
aseTi ganzomilebis matricebi aris saimedo da gamoirCeva 
maRali medegobiT [48-56]. 
 
 
3.4. nebismieri modulis mqone  
simetriuli matricebi 
 
ganvixiloT simetriuli matricebi, oRond simravle miax-
loebuli unda iyos zemodan 1030 ricxvs. 
Tavdapirvelad ganvixiloT aseTi magaliTi: 
1) jer ganvixiloT aseTi magaliTi:  
ganzomileba n=8 
moduli d=11 
simravle N=1164, aqedan naxevari cnobilia. 
amitom cvladebis raodenoba aris 32 
simravle aris sakmaod didi ricxvia >1030 
5 7 4 3 3 4 7 5 
8 1 2 4 4 2 1 8 
9 5 3 4 4 3 5 9 
1 8 7 5 5 7 8 1 
1 10 4 6 6 4 10 1 
9 5 2 8 8 2 5 9 
1 3 5 7 7 5 3 1 
A1= 
5 2 8 6 6 8 2 5 
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1 3 7 8 4 7 1 4 
7 8 3 1 7 5 7 1 
2 7 2 8 8 1 5 0 
3 1 6 6 3 8 9 9 
3 1 6 6 3 8 9 9 
2 7 2 8 8 1 5 0 
7 8 3 1 7 5 7 1 
A2= 
1 3 7 8 4 7 1 4 
 
 
5 7 1 4 0 9 1 4 
5 8 1 5 1 9 5 7 
4 9 4 6 6 7 5 0 
3 1 8 0 3 8 3 1 
3 1 8 0 3 8 3 1 
4 9 4 6 6 7 5 0 
5 8 1 5 1 9 5 7 
A4= 
5 7 1 4 0 9 1 4 
 
5 7 1 4 0 9 1 4 
5 8 1 5 1 9 5 7 
4 9 4 6 6 7 5 0 
3 1 8 0 3 8 3 1 
3 1 8 0 3 8 3 1 
4 9 4 6 6 7 5 0 
5 8 1 5 1 9 5 7 
A6= 
5 7 1 4 0 9 1 4 
 
male daiwyo matricebma gameoreba.  
2) axla ganvixiloT aseTi magaliTi:  
ganzomileba n=10 
moduli d=5 
7 3 0 7 7 0 3 7 
7 8 9 3 3 9 8 7 
7 5 2 6 6 2 5 7 
8 1 8 2 2 8 1 8 
6 5 4 7 7 4 5 6 
5 3 5 0 0 5 3 5 
1 5 5 3 3 5 5 1 
A3= 
2 9 4 9 9 4 9 2 
 
7 3 0 3 3 0 3 7 
1 4 1 7 7 1 4 1 
9 3 8 6 6 8 3 9 
6 3 2 2 2 2 3 6 
0 1 6 9 9 6 1 0 
5 3 5 8 8 5 3 5 
1 5 5 3 3 5 5 1 
A5= 
6 5 6 7 7 6 5 6 
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simravle N=5100 
magram cvladebis raodenoba aris 550 
es ki aris sakmaod didi ricxvi, >1030 
ix. danarTi 1. gv. 87.  
3) Semdegi magaliTi:  
moduli = 2 
ganzomileba = 16 
cvladebis raodenoba = 216*8=128. 
ix. danarTi 2. gv. 90.  
nebismieri saxis matricebis dros, gameoreba gvian, magram 
mainc dafiqsirda. 
matricaTa gameoreba faqtiurad ar dafiqsirda da amavd-
roulad, simravle aris 216×8 rac aris Zalian didi ricxvi. ro-
gorc zemoT ukve avRniSneT kriptografiaSi 2100 anu daaxloebiT 
1030 aris is simravle, romlis gatexva, realur droSi, SeuZ-
lebelia.  
  
 3.5. SemTxveviTi matricebi 
1 2 4 3 
1 4 2 3 
4 2 3 1 
A1= 
2 4 0 3 
 
0 4 0 2 
0 4 1 2 
0 3 4 1 
A2= 
2 1 4 2 
4 4 2 4 
3 1 0 1 
2 1 3 0 
A3= 
2 3 2 4 
 
es aris nebismierad “SemTxveviT” 
aRebuli matrica, sadac 
ganzomileba n=4, moduli m=5 
simravle N= mn*n=516 
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0 2 2 4 
4 1 2 0 
2 3 3 3 
A4= 
1 2 4 2 
 
1 3 1 3 
1 0 2 0 
1 1 1 1 
A5= 
4 2 3 0 
 
4 2 2 1 
2 3 2 4 
2 2 0 1 
A7= 
0 1 0 0 
 
0 4 2 1 
2 1 3 2 
2 2 3 4 
A9= 
4 0 3 2 
 
2 0 2 4 
3 0 3 0 
2 1 2 4 
A11= 
4 0 1 0 
 
 
 
 
 
 
 
 
4 4 2 4 
3 1 0 1 
2 1 3 0 
A13= 
2 3 2 4 
4 3 2 2 
4 1 1 3 
2 0 3 2 
A8= 
4 1 0 4 
 
1 1 1 4 
3 0 1 2 
1 2 1 3 
A10= 
3 0 1 0 
 
4 2 2 0 
2 3 2 1 
2 2 0 0 
A12= 
1 4 1 0 
 
0 2 2 4 
4 1 2 0 
2 3 3 3 
A14= 
1 2 4 2 
 
2 3 2 4 
0 0 1 0 
2 3 2 1 
A6= 
4 0 4 0 
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1 3 1 3 
1 0 2 0 
1 1 1 1 
A15= 
4 2 3 0 
 
ganvixiloT kidev sxva saxis matricebi: 
 
3 0 4 1 
0 2 4 1 
3 4 2 0 
A1= 
4 1 3 2 
 
0 1 0 4 
2 1 1 1 
3 4 2 2 
A2= 
0 4 2 4 
 
 
3 4 3 4 
0 1 0 0 
3 1 3 1 
A4= 
3 1 2 2 
 
4 1 2 1 
0 1 0 0 
2 4 4 4 
A6= 
2 4 3 0 
 
3 4 3 4 
0 1 0 0 
3 1 3 1 
A8= 
3 1 2 2 
 
2 0 4 4 
2 1 3 3 
4 0 2 1 
A3= 
2 0 3 4 
 
0 0 1 1 
3 1 2 2 
1 0 0 4 
A5= 
3 0 2 3 
 
2 0 4 4 
2 1 3 3 
4 0 2 1 
A7= 
2 0 3 4 
 
0 0 1 1 
3 1 2 2 
1 0 0 4 
A9= 
3 0 2 3 
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4 1 2 1 
0 1 0 0 
2 4 4 4 
A10= 
2 4 3 0 
 
ganvixiloT Semdegi saxis matricebi: 
 
4 1 2 1 
0 1 0 0 
2 4 4 4 
A1= 
2 4 3 0 
 
2 0 4 4 
2 1 3 3 
4 0 2 1 
A2= 
2 0 3 4 
 
3 4 3 4 
0 1 0 0 
3 1 3 1 
A3= 
3 1 2 2 
 
0 0 1 1 
3 1 2 2 
1 0 0 4 
A4= 
3 0 2 3 
 
4 1 2 1 
0 1 0 0 
2 4 4 4 
A5= 
2 4 3 0 
 
ganvixiloT kidev sxva saxis matrica: 
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1 4 0 2 
3 3 2 1 
0 2 1 4 
A1= 
3 4 1 1 
 
4 0 3 3 
4 4 4 0 
0 4 4 0 
A2= 
3 3 0 0 
 
4 4 4 0 
1 3 1 1 
1 4 1 1 
A4= 
1 3 0 3 
 
2 4 0 3 
1 4 2 0 
2 3 1 4 
A6= 
3 0 3 4 
 
3 1 2 3 
4 2 0 3 
0 0 3 2 
A8= 
1 4 3 2 
 
1 4 4 0 
1 0 1 1 
1 4 3 1 
A10= 
1 3 0 0 
 
 
 
4 4 0 0 
4 0 3 2 
4 3 4 2 
A5= 
3 2 3 2 
 
2 0 1 4 
4 1 3 1 
2 0 4 0 
A7= 
3 1 1 2 
 
0 2 1 4 
1 2 2 2 
4 4 2 1 
A3= 
2 2 0 4 
 
1 3 2 1 
2 0 3 2 
1 2 0 2 
A9= 
2 4 0 0 
 
4 3 4 4 
0 1 4 4 
0 2 2 2 
A11= 
3 1 2 3 
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3 2 1 1 
2 3 3 2 
4 0 1 1 
A12= 
3 4 3 4 
 
4 0 4 1 
4 2 0 4 
1 3 1 3 
A14= 
0 0 3 3 
  
1 1 1 0 
4 2 4 4 
4 1 4 4 
A16= 
4 2 0 2 
 
miviReT sruliad gansxvavebuli Sedegebi. 
patara ganzomilebis matricebSi gameoreba xdeba Zalian 
male, rac aris arasaimedo anu medegoba aris minimaluri. 
maSasadame ganxiluli magaliTi gvaZlevs aseT Sedegs: 
moduli p=10, 
matricaSi Semavali elementebi anu modp=m=10, 
matricis ganzomileba n=30, 
operaciaTa raodenoba = N, 
e.g.m. dro = t, 
T≈mn×N×t. 
matricis simravle = mn (zogadad). 
yoveli meore anu yoveli kenti iyo x RerZis simetriuli, 
xolo yoveli luwi y RerZis simetriuli, imas ara aqvs arsebiTi 
mniSvneloba romeli iyo x RerZis simetriuli da romeli y 
RerZis simetriuli, mTavari faqtori aris is rom simravlis na-
xevari aRmoCnda x RerZis simetriuli, meore naxevari ki y RerZis 
0 0 4 1 
1 1 2 4 
3 0 3 0 
A13= 
2 4 4 0 
 
0 4 2 3 
2 4 4 4 
3 3 4 2 
A15= 
4 4 0 3 
 
4 4 0 0 
4 0 3 2 
4 3 4 2 
A17= 
3 2 3 2 
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simetriuli. e.i. simravlis naxevari - mn/2 aris x RerZis simet-
riuli. xolo meore naxevari - mn/2 aris y RerZis simetriuli. 
Tumca es jamSi simravles ricxobrivad ar cvlis.  
matricaSi Semavali elementebis simravle aris n2 (zogadad). 
xolo aqedan ucnobia – n2/2 (Cems SemTxvevaSi).  
e.i. Tu erT veqtors gavamravlebT matricaze da miviRebT 
raRac veqtors, gveqneba 30 gantoleba da 450 ucnobi. aseTi mat-
ricebis amoxsna calsaxad SeuZlebelia. ase rom Cven vTvliT, 
rom aseTi ganzomilebis matricebi aris saimedo da gamoirCeva 
maRali medegobiT.  
Tuki ar aviRebT simetriul matricebs, magram aviRebT isev 
orobiTs, Sedegi aris ukeTesi, radgan matricaTa simravle iqneba 
216×16, es ki gacilebiT metia vidre 2100. Sesabamisad gaizarda mat-
ricaSi Semavali elementebis ricxvi 16×16, xolo gantolebaTa 
raodenobaa 16 [55-61].  
 
 
3.6. matricaTa veli 
 
matricaTa simravle aris Tu ara matricaTa veli. 
1) vTqvaT ganzomileba aris 4, moduli aris 5, vnaxoT ro-
gor matricebs miviRebT, jer ganvixiloT isev simetriuli matri-
cebi.   A 
1 3 3 1 
2 1 1 2 
3 2 2 3 
3 1 1 3 
             A2 
4 3 2 2 
3 1 3 0 
3 1 3 0 
4 3 2 2 
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           A4 
4 4 4 4 
3 3 3 3 
2 3 3 2 
2 1 1 2 
          A8 
4 3 2 2 
4 3 3 1 
4 3 3 1 
4 3 2 2 
        A16 
4 4 4 4 
3 3 3 3 
2 3 3 2 
2 1 1 2 
 
gameoreba daiwyo mexuTe matricidan, axla ki vnaxoT es pa-
tara simravle aris Tu ara veli.  
 zemoT mocemulia Semdegi matricebi: Á, Á2, Á4, Á8, Á16. am mat-
ricebs Soris aris: Á3, Á5, Á6, Á7, Á9, Á10, Á11, Á12, Á13, Á14, Á15. exla 
unda vipovoT es matricebi. CamovweroT TanmimdevrobiT: 
 
         Á3= Á* Á2                                                                                                  
1 2 1 0 
2 4 2 0 
2 4 4 3 
4 3 2 2 
 
             Á5= Á4* Á 
1 2 3 3 
3 1 2 1 
3 1 2 1 
1 2 3 3 
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            Á6= Á2* Á4 
3 1 1 3 
3 4 4 3 
3 4 4 3 
3 1 1 3 
Á7= Á* Á2* Á4 
1 2 1 0 4 4 4 4 
2 4 2 0 3 3 3 3 
2 4 4 3 2 3 3 2 
4 3 2 2 
× 
2 1 1 2 
2 4 4 3 
3 1 0 3 
3 1 0 3 
2 4 4 3 
         
   Á9= Á* Á8 
2 4 0 2 
4 3 0 4 
2 4 4 3 
0 0 1 4 
 
             Á10= Á2* Á8 
4 3 3 4 
3 1 1 3 
2 3 3 2 
2 0 0 2 
 
Á11= Á* Á2* Á8 
1 2 1 0 4 3 2 2 
2 4 2 0 4 3 3 1 
2 4 4 3 4 3 3 1 
4 3 2 2 
 
× 
 
4 3 2 2 
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1 2 2 4 
2 4 4 3 
1 2 4 2 
0 0 3 2 
Á12=  Á4* Á8 
4 3 0 4 
3 1 0 3 
0 0 1 4 
4 3 4 0 
Á13= Á* Á4* Á8 
1 2 3 3 4 3 2 2 
3 1 2 1 4 3 3 1 
3 1 2 1 4 3 3 1 
1 2 3 3 
 
× 
 
4 3 2 2 
1 3 3 1 
2 1 1 2 
3 2 2 3 
3 1 1 3 
Á14= Á2* Á4* Á8 
3 1 1 3 4 3 2 2 
3 4 4 3 4 3 3 1 
3 4 4 3 4 3 3 1 
3 1 1 3 
 
× 
 
4 3 2 2 
2 1 1 2 
4 2 2 4 
3 1 1 3 
4 0 0 4 
Á15= Á* Á2* Á4* Á8 
2 4 4 3 4 3 2 2 
3 1 0 3 4 3 3 1 
3 1 0 3 4 3 3 1 
2 4 4 3 
 
× 
 
4 3 2 2 
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2 3 3 2 
4 1 1 4 
4 0 0 4 
3 3 3 3 
 
maSasadame miviReT Semdegi saxis matricaTa simravle: 
Á, Á2, Á3,Á4, Á5, Á6, Á7,Á8, Á9, Á10, Á11, Á12, Á13, Á14, Á15, Á16. 
 
1 3 3 1  4 3 2 2  1 2 1 0  4 4 4 4  1 2 3 3 
2 1 1 2  3 1 3 0  2 4 2 0  3 3 3 3  3 1 2 1 
3 2 2 3  3 1 3 0  2 4 4 3  2 3 3 2  3 1 2 1 
3 1 1 3  4 3 2 2  4 3 2 2  2 1 1 2  1 2 3 3 
  
3 1 1 3  2 4 4 3  4 3 2 2  2 4 0 2  4 3 3 4 
3 4 4 3  3 1 0 3  4 3 3 1  4 3 0 4  3 1 1 3 
3 4 4 3  3 1 0 3  4 3 3 1  2 4 4 3  2 3 3 2 
3 1 1 3  2 4 4 3  4 3 2 2  0 0 1 4  2 0 0 2 
 
1 2 2 4  4 3 0 4  1 3 3 1  2 1 1 2  2 3 3 2 
2 4 4 3  3 1 0 3  2 1 1 2  4 2 2 4  4 1 1 4 
1 2 4 2  0 0 1 4  3 2 2 3  3 1 1 3  4 0 0 4 
0 0 3 2  4 3 4 0  3 1 1 3  4 0 0 4  3 3 3 3 
 
4 4 4 4 
3 3 3 3 
2 3 3 2 
2 1 1 2 
 
gadamowmebis Sedegad miviRebT, rom aseTi simetriuli mat-
ricebi (romlebic simetriulia X an Y RerZis mimarT) ar gvaZlevs 
matricaTa vels. 
axla ki ganvixiloT nebismieri saxis matricebi. 
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1) ganzomileba iyos 4, moduli 5. 
      A 
2 4 2 1 
3 4 1 1 
2 3 3 4 
2 1 2 4 
A  A2 
2 2 2 4 
1 2 3 2 
1 0 4 4 
3 0 3 2 
    A4 
0 3 3 0 
3 1 2 1 
0 1 0 4 
3 4 3 3 
  A8 
4 1 0 1 
1 1 2 3 
1 4 4 1 
0 2 3 0 
  A16 
2 2 2 0 
2 1 3 4 
0 4 2 1 
2 1 2 4 
   (A16)2 
3 4 0 4 
4 1 3 2 
4 1 3 4 
0 3 2 2 
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   (A16)4 
0 3 3 0 
3 1 2 1 
0 1 0 4 
3 4 3 3 
 
matricam daiwyo gameoreba, amitom kvadratSi ayvanas Sevwy-
vitoT da exla ki vipovoT danarCeni matricebi. esenia: Á3, Á5, Á6, 
Á7, Á9, Á10, Á11, Á12, Á13, Á14, Á15, Á17, Á18, Á19, Á20 da a.S.  
            Á3 
3 4 2 4 
2 4 0 1 
2 0 2 2 
1 1 4 1 
         
            Á5 
0 0 1 0 
1 3 3 0 
2 0 4 0 
0 1 2 1 
  
          Á6 
3 2 2 1 
1 1 3 0 
2 3 0 0 
2 0 3 3 
 
           Á7 
4 0 1 1 
1 4 1 2 
4 2 2 3 
4 2 4 0 
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           Á9 
4 2 4 1 
1 3 0 4 
4 0 0 2 
1 1 4 2 
         Á10 
2 4 3 0 
0 4 0 4 
4 2 3 3 
0 0 0 1 
        Á11 
3 2 0 4 
3 3 4 0 
3 1 4 1 
2 4 4 3 
          Á12 
1 0 1 4 
0 4 4 0 
3 3 4 4 
2 3 3 3 
            Á13 
1 0 2 3 
4 1 3 1 
4 3 1 3 
1 3 1 0 
          
           Á14 
1 3 1 1 
0 4 0 0 
0 4 1 1 
1 2 1 0 
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         Á15 
2 4 0 2 
0 3 0 2 
2 3 1 0 
0 4 2 4 
 
da a. S. miviReT aseTi matricaTa baza:  
Á, Á2, Á3,Á4, Á5, Á6, Á7,Á8, Á9, Á10, Á11, Á12, Á13, Á14, Á15, Á16.  
 
2 4 2 1  2 2 2 4  3 4 2 4  0 3 3 0  0 0 1 0 
3 4 1 1  1 2 3 2  2 4 0 1  3 1 2 1  1 3 3 0 
2 3 3 4  1 0 4 4  2 0 2 2  0 1 0 4  2 0 4 0 
2 1 2 4  3 0 3 2  1 1 4 1  3 4 3 3  0 1 2 1 
 
3 2 2 1  4 0 1 1  4 1 0 1  4 2 4 1  2 4 3 0 
 1 1 3 0  1 4 1 2  1 1 2 3  1 3 0 4  0 4 0 4 
2 3 0 0  4 2 2 3  1 4 4 1  4 0 0 2  4 2 3 3 
2 0 3 3  4 2 4 0  0 2 3 0  1 1 4 2  0 0 0 1 
 
3 2 0 4  1 0 1 4  1 0 2 3  1 3 1 1  2 4 0 2 
3 3 4 0  0 4 4 0  4 1 3 1  0 4 0 0  0 3 0 2 
3 1 4 1  3 3 4 4  4 3 1 3  0 4 1 1  2 3 1 0 
2 4 4 3  2 3 3 3  1 3 1 0  1 2 1 0  0 4 2 4 
 
2 2 2 0 
2 1 3 4 
0 4 2 1 
2 1 2 4 
  
gadamowmebis Sedegad miviRebT, rom aseTi matricebi ar 
gvaZlevs matricaTa vels. erTmaneTze gamravlebis Sedegad ar 
miiReba iseTi matricebi, romlebic iqneba amave simravleSi, e.i. 
ar aris Caketili da maSasadame ar aris veli.  
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2) axla ganvixiloT iseTi matricebi, romlebic simetriuli 
iqneba diagonalis mimarT.  
ganzomileba iyos 2, moduli 7.  
2 4 
A1= 
4 2 
 
6 2 
A2= 
2 6 
 
5 3 
A3= 
3 5 
 
6 2 
A4= 
2 6 
 
ukve daiwyo matricam gameoreba, amitom exla avagoT am simrav-
leSi moTavsebuli danarCeni matricebi:  Á3, Á5, Á6, Á7 
              
               Á3= Á* Á2 
6 0 
0 6 
 
               Á5= Á* Á4 
1 5 
5 1 
 
                Á6= Á2* Á4 
1 0 
0 1 
Á7= Á* Á2* Á4 
2 4 
4 2 
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miviReT matricaTa simravle: Á, Á2, Á3, Á4 Á5, Á6, Á7, Á8: 
 
2 4  6 2  6 0  5 3  1 5  1 0  2 4  6 2 
4 2  2 6  0 6  3 5  5 1  0 1  4 2  2 6 
 
Sedegi: diagonalis mimarT simetriuli matricebi gvaZlevs 
matricaTa vels.  
2) Semdeg gavzardoT ganzomileba: 
ganzomileba iyos 4 moduli 7  
 
1 4 5 2 
2 1 4 5 
5 2 1 4 
A1= 
4 5 2 1 
 
 
0 2 2 0 
0 0 2 2 
2 0 0 2 
A2= 
2 2 0 0 
 
4 1 5 1 
1 4 1 5 
5 1 4 1 
A4= 
1 5 1 4 
 
5 1 4 1 
1 5 1 4 
4 1 5 1 
A6= 
1 4 1 5 
 
ukve daiwyo gameoreba, ase rom exla unda vipovoT danar-
Ceni matricebi.  
4 1 4 0 
0 4 1 4 
4 0 4 1 
A3= 
1 4 0 4 
 
1 4 0 4 
4 1 4 0 
0 4 1 4 
A5= 
4 0 4 1 
 
1 4 0 4 
4 1 4 0 
0 4 1 4 
A7= 
4 0 4 1 
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Á3, Á5, Á6, Á7, Á9, Á10, Á11, Á12, Á13, Á14, Á15, Á17, Á18, Á19,Á20, Á21, Á22, 
Á23,Á24, Á25, Á26, Á27, Á28, Á29, Á30, Á31, Á33............................ Á63, Á64.  
      
     Á3 
0 4 3 6 
6 0 4 3 
3 6 0 4 
4 3 6 0 
       
      Á5 
5 1 0 4 
4 5 1 0 
0 4 5 1 
1 0 4 5 
      
     Á6 
1 3 3 1 
1 1 3 3 
3 1 1 3 
3 3 1 1 
 
      Á7 
4 1 2 5 
5 4 1 2 
2 5 4 1 
1 2 5 4 
 
      Á9 
0 6 3 4 
4 0 6 3 
3 4 0 6 
6 3 4 0 
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    Á10 
5 5 3 3 
3 5 5 3 
3 3 5 5 
5 3 3 5 
    Á11 
4 5 1 0 
0 4 5 1 
1 0 4 5 
5 1 0 4 
    Á12 
2 6 2 5 
5 2 6 2 
2 5 2 6 
6 2 5 2 
    Á13 
4 5 2 1 
1 4 5 2 
2 1 4 5 
5 2 1 4 
    Á14 
2 2 0 0 
0 2 2 0 
0 0 2 2 
2 0 0 2 
      Á15 
4 3 6 0 
0 4 3 6 
6 0 4 3 
3 6 0 4 
 
Á, Á2, Á3,Á4, Á5, Á6, Á7,Á8, Á9, Á10, Á11, Á12, Á13, Á14, Á15, Á16: 
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1 4 5 2  0 2 2 0  0 4 3 6  4 1 4 0  5 1 0 4 
2 1 4 5  0 0 2 2  6 0 4 3  0 4 1 4  4 5 1 0 
5 2 1 4  2 0 0 2  3 6 0 4  4 0 4 1  0 4 5 1 
4 5 2 1  2 2 0 0  4 3 6 0  1 4 0 4  1 0 4 5 
 
1 3 3 1  4 1 2 5  4 1 5 1  0 6 3 4  5 5 3 3 
1 1 3 3  5 4 1 2  1 4 1 5  4 0 6 3  3 5 5 3 
3 1 1 3  2 5 4 1  5 1 4 1  3 4 0 6  3 3 5 5 
3 3 1 1  1 2 5 4  1 5 1 4  6 3 4 0  5 3 3 5 
 
4 5 1 0  2 6 2 5  4 5 2 1  2 2 0 0  4 3 6 0 
0 4 5 1  5 2 6 2  1 4 5 2  0 2 2 0  0 4 3 6 
1 0 4 5  2 5 2 6  2 1 4 5  0 0 2 2  6 0 4 3 
5 1 0 4  6 2 5 2  5 2 1 4  2 0 0 2  3 6 0 4 
 
1 4 0 4 
4 1 4 0 
0 4 1 4 
4 0 4 1 
matricaTa simravlem mogvca matricaTa veli. 
maSasadame simetriuli matricebi gvaZlevs aseT Sedegebs:  
1) rodesac aviReT X an  Y RerZis mimarT simetriuli matri-
cebi (magaliTi zemoT aris moyvanili), ver miviReT Caketili sim-
ravle. e.i. ar Seiqmna matricaTa veli.  
2) rodesac ganvixileT diagonalis mimarT simetriuli 
matricebi, magaliTi zemoT aris moyvanili, or ganzomilebianis 
SemTxvevaSi miviReT matricaTa veli, da amavdroulad aseTi mat-
ricebi aris komutatiuric da gamoiyeneba Cvens mier ganxilul 
meTodSi. 
e.i. 1) Tu aviRebT nebismier matricebs da SevadgenT matricaTa 
simravles, matricaTa veli ar miiReba.  
2) Tu aviRebT simetriul matricebs x an y RerZebis mimarT, 
matricaTa veli arc maSin ar miiReba. 
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3) da Tu aviRebT simetriul matricebs diagonalis mimarT 
da SevadgenT matricaTa simravles, maSin matricaTa veli mii-
Reba, magram simravlis naxevari cnobilia da naxevari ucnobi [62-
66, 68, 73, 75, 77, 79, 82-85]. 
 
 
3.7. Sifraciis droisa da matricaTa simravlis 
damokidebuleba 
 
Seiqmna orobiTi matricaTa simravle, romelic SegviZlia 
gamoviyenoT Cvens mier ganxilul meTodebSi. 
matricaTa simravlidan amorCevis dro CvenTvis ukve cno-
bilia t = Mn×n · N · T, sadac Mn×n aris matricaTa simravle, N _ 
operaciaTa Catarebis ricxvi, T _ e.g.m.-is dro. 
avagoT sxvadasxva damokidebulebis grafikebi, mocemuli 
konkretuli SemTxvevisaTvis, ix. cxrili 4. ganzomilebis, modu-
lis, simravlisa da Sifraciis drois damokidebuleba, roca mo-
duli m=2, ganzomileba n=2, 3, 4, .......  
 
m n n*n m^(n*n) t m^(n*n)/2 
2 2 4 16 128 8 
2 3 9 512 13824 256 
2 4 16 65536 4194304 32768 
2 5 25 33554432 4,19E+09 16777216 
2 6 36 68719476736 1,48E+13 34359738368 
2 7 49 5,63E+14 1,93E+17 2,81475E+14 
2 8 64 1,84E+19 9,44E+21 9,22335E+18 
2 9 81 2,42E+24 1,76E+27 1,20893E+24 
2 10 100 1,27E+30 1,27E+33 6,33825E+29 
2 11 121 2,66E+36 3,54E+39 1,32923E+36 
2 12 144 2,23E+43 3,85E+46 1,11504E+43 
2 13 169 7,48E+50 1,64E+54 3,74145E+50 
2 14 196 1,00E+59 2,76E+62 5,0217E+58 
2 15 225 5,39E+67 1,82E+71 2,696E+67 
2 16 256 1,16E+77 4,74E+80 5,7896E+76 
2 17 289 9,95E+86 4,89E+90 4,97323E+86 
 
cxrili 4. 
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naTlad Cans, rom ganzomilebisa da modulis zrdasTan 
erTad sagrZnoblad izrdeba matricaTa simravle, ix. nax. 7. m 
modulisa da Mn*n matricaTa simravlis damokidebuleba. aseve 
izrdeba matricaTa simravlidan amorCevis dro, ix. nax. 3. t  
drois da m  modulis damokidebuleba, rac karg Sedegs iZleva 
da amocana xasiaTdeba maRali medegobiT.  
Sesabamisad, ganzomilebis zrdasTan erTad sagrZnoblad 
izrdeba matricaTa simravlidan amorCevis xangrZlivoba, ix. nax. 
4. t drois da n ganzomilebis damokidebuleba, ix. nax. 5. mn*n 
simravlisa da t  drois damokidebuleba, ix. nax. 6. t drois da 
m
(n*n)/2
 simravlis damokidebuleba. 
 
0
2
4
6
8
10
12
14
16
18
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
t
m
 
nax. 3.  
0
2
4
6
8
10
12
14
16
18
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
t
n
 
nax. 4.  
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0
5000000
10000000
15000000
20000000
25000000
30000000
35000000
40000000
1 2 3 4
t
M
^
n
*
n
 
nax. 5. 
 
 
0
5000000000
10000000000
15000000000
20000000000
25000000000
30000000000
35000000000
40000000000
1 2 3 4 5
t
M^
(n*
n
)/2
 
nax. 6. 
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0
10000000000
20000000000
30000000000
40000000000
50000000000
60000000000
70000000000
80000000000
1 2 3 4 5
m
m
^
n
*
n
 
nax. 7. 
 
 
 
3.8. matriculi meTodis gatexvis  
mcdeloba 
 
zemoT aris aRniSnuli, Tu rogor xdeba jer gasaRebis 
gacvla, rogorc simetriul aseve asimetriul meTodebSi; Semdgom 
ki informaciis daSifvra, gadacema da mimRebi mxaris mier ga-
Sifvra. 
rogor SeiZleba am proceduris dros da sad aris SesaZ-
lebeli, rom arakanonierma momxmarebelma SemdgomSi “hakerma” 
moaxerxos daSifruli informaciis xelSi Cagdeba da Sesabamisad 
gaSifvra. 
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vTqvaT, hakerma Caigdo xelSi n2 sigrZis daSifruli infor-
macia, sadac n aris ganzomileba. aqedan gamomdinare SegviZlia 
vTqvaT, rom hakerma Caigdo xelSi sruli informacia.  
ismis kiTxva: SeZlebs Tu ara am dros igi informaciis ga-
Sifvras da Sesabamisad sawyisi informaciis miRebas? 
Cvens mier ganxilul meTodSi gamoyenebulia matricaTa sim-
ravle, romelic yvelasaTvis cnobilia, maT Soris hakerisTvisac 
cnobilia.  
matricaTa simravle aris mn×n, sadac m aris matricaSi Sema-
vali elemenebis ricxviTi mniSvneloba, n – ganzomileba.  
rogorc ukve zemoT avRniSneT da moviyvaneT magaliTebi, 
naTlad Cans, rom Tuki aviRebT orobiT matricaTa simravles, sa-
dac simravlis raodenoba iqneba 2100, romelic aris daaxloebiT 
1030 ricxvis toli, es ricxvi ki kriptografiaSi aris qveda zRva-
ri. am simravlidan ki, realur droSi, im ori konkretuli mat-
ricis amorCeva SeuZlebelia [1, 8, 15, 31, 56, 64, 77].  
e.i. gatexva SeuZlebelia. 
magram kidev ismis kiTxva: SesaZlebelia rom hakerma, Tuki 
is srul informacias Caigdebs xelSi, mTlianad Secvalos igi da 
absoluturad sxva informacia gaugzavnos mimRebs?  
rogor mixvdeba mimRebi, anu rogor unda gadaamowmos 
mimRebma, miRebuli informaciis namdviloba? 
Tu hakeri gasaRebis gacvlis procesSi Caigdebs gadacemul 
simravles srulad, mas SeuZlia Secvalos, anu aiRos sxva mat-
rica, romelsac gaamravlebs cnobil veqtorze da gaugzavnis 
mimRebs, mimRebi am etapze verafers ver mixvdeba, igi miiRebs 
gasaRebs da gaagrZelebs proceduras. anu isic gamoagzavnis veq-
toris namravls matricaze da mas CaiWers isev hakeri. e.i. hakeri 
da mimRebi miiReben erTidaigive gasaRebs, xolo meore momx-
marebeli ki sxva gasaRebs. am SemTxvevaSi gasaRebi hakeris xelSi 
iqneba da verafers SevcvliT. anu hakeri imuSavebs gadamcemsa da 
mimRebs Soris. 
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magram ase rom ar moxdes, Cven Tavi davicaviT da SevqmeniT 
meTodi sadac veqtoris gadacema xdeba daxuruli arxiT da Sem-
dgom xdeba gasaRebis miReba. amiT ganzomileba ucnobi gaxda ha-
kerisaTvis, Sesabamisad man Tundac rom CaiWiros informacia, igi 
ver moaxerxebs mis gaSifvras, radgan ver dayofs blokebad. aseve 
radgan ar icis ganzomileba, Sesabamisad misTvis ucnobia, ra 
ganzomilebis matrica gamoiyenos, es ki aucilebelia informa-
ciis rogorc daSifvrisaTvis, aseve gaSifvrisaTvis. aseve veqtor-
Ta simravlea n!, es Zalian didi ricxvia, realur droSi, konkre-
tul veqtors ver amoarCevs, Semdeg ki garkveuli drois mere 
moxdeba veqtoris Secvla da ra Tqma unda, momxmareblebi Tavis 
saidumlo matricebsac cvlian. 
... da kidev, radgan ukve gamoviyeneT daxuruli arxi, SesaZ-
lebelia rom veqtorTan erTad saidumlod gadavceT matricac, 
amiT gasaRebis generaciis droc gaizrdeba da hakeri mis CaWeras 
veRarc ki moaxerxebs. gasaRebis generacia xdeba miliwamebSi. 
magram, vTqvaT hakerma mTlianad Secvala informacia, ro-
gor amowmebs mas mimRebi? 
mimRebma informaciis namdviloba rom Seamowmos, uku pro-
cesi unda gaiaros, rogorc mivida gasaRebis miRebamde da unda 
miiRos igive veqtori, es xdeba wamebSi da Tu ver miiRebs eseigi 
informacia Secvlilia. 
aqve unda aRiniSnos, rom am meTodis gamoyenebiT umjobesia 
mcire zomis informaciis gadacema, radgan Tu didi zomis infor-
macias davSifravT am meTodiT, iqidan SedarebiT martivi iqneba 
n2 simravlis amorCeva. magram Tu veqtors gadavcemT saidumlod, 
maSin informaciis sigrZe SegviZlia gavzardoT.  
 
 
 
 
 
84 
III Tavis daskvna 
 
Cveni mizani iyo miRebuli axali meTodebisaTvis, romlebic 
ganxilul iqna meore TavSi, Segveqmna matricaTa simravle, ro-
melsac gamoviyenebdiT aRniSnul meTodebSi.  
mesame TavSi ganxilul iqna sxvadasxva saxis matricebi, ro-
goricaa: orobiTi, aTobiTi, simetriuli, SemTxveviTi, nebismieri, 
simetriuli diagonalis mimarT da a.S. 
moyvanil da ganxilul iqna ramodenime magaliTi, sxva-
dasxva ganzomilebis da modulis mqone matricebisaTvis.  
Tuki aviRebT simetriul orobiT matricebs diagonalis mi-
marT, matricebis gameorebis faqti, saerTod ar fiqsirdeba. 
Seiqmna matricaTa simravle da Tanac matricaTa veli. swored es 
simravle gamoiyeneba miRebul axal originalur meTodebSi, in-
formaciis dasaidumloebisaTvis. aqve unda aRiniSnos, rom matri-
cebi unda iyos komutatiuri. 
Tu aviRebT 10 ganzomilebian orobiT matricebs, matricaTa 
simravle Seadgens 2100 ricxvs, es ki daaxloebiT aris 1030. aR-
niSnuli ricxvi ki kriptografiaSi aris qveda zRvari, anu am sim-
ravlidan matricaTa amorCeva, realur droSi, SeuZlebelia.  
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საბოლოო დასკვნა 
 
ganxilul da gamoyenebul iqna kriptografiis simetriuli 
_ daxuruli da asimetriuli _ Ria sistemebi. simetriuls mie-
kuTneba _ cezaris, viJineris da vernamis, asimetriuls ki _ difi-
helmanis, raivest-Samir-eidelmanis da elgamalis meTodebi da 
algoriTmebi. 
Cvens mier ganxilul da aRweril iqna TiToeuli meTodi, 
xolo gamoyenebul iqna, kerZod difi-helmanis algoriTmi.   
SemuSavebul iqna axali meTodebi:  
1. difi-helmanis meTodis gamoyenebiT miRebul iqna axali 
meTodi, oRond difi-helmanis axarisxeba Secvlili iqna matrica-
ze gamravlebiT. axarisxebas ufro meti dro sWirdeba (mamravle-
bad daSla), vidre matricaze gamravlebas. aRniSnuliT Sifraciis 
siCqare gaizarda, Semcirda gasaRebis generaciis dro, anu gasa-
Rebis miReba xdeba ufro swrafad, vidre es xdeboda difi-hel-
manis meTodSi. 
2. movaxdineT meTodTa sinTezi. gamoyenebul iqna rogorc 
simetriuli, aseve asimetriuli meTodi. veqtoris gadacema ganva-
xorcieleT daxuruli arxiT da Semdgom ki, yvela procedura Se-
vasruleT Ria arxiT. am meTodma mogvca, is rom Sifraciis siCqa-
re umniSvnelod Semcirda, rac gamoiwvia kurieris arsebobam, ma-
gram samagierod, kidev ufro gaizarda medegoba. ganzomileba 
gaxda ucnobi, ris gamoc arakanonieri momxmarebeli ver SeZlebs 
informaciis dayofas blokebad, Sesabamisad ver mixvdeba ra gan-
zomilebis matrica unda gamoiyenos, rac informaciis gaSifvri-
saTvis mTavari etapia. 
3. erTdroulad movaxdineT daxuruli arxiT, anu kurie-
riT, veqtoris da matricis gadacema. mimRebi miliwamebSi afiq-
sirebs komutatiur matricas da Sesabamisad gasaRebsac. anu gasa-
Rebis generaciis dro kidev ufro Semcirda, anu miliwamebSi mii-
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Reba, Sifraciis siCqare ki saboloo jamSi kidev ufro gaizarda, 
magram es ar momxdara saimedoobis xarjze.  
4. davamtkiceT rom, aRniSnul meTodebSi gamoiyeneba komu-
tatiuri matricebi anu A1A2=A2A1.  
5. davadgineT matricaTa simravle. miuxedavad imisa, rom 
winaswar cnobilia matricaTa ganzomileba, moduli da simravle, 
mainc SeuZlebelia am meTodis gatexva, radgan matricaTa sim-
ravle Seadgens Zalian did ricxvs _ Mm*n. radgan viyenebT komu-
tatiur-kvadratul matricebs, roca m=6 da n=6, maSin aTobiTSi _ 
simravle iqneba 1036, rac daaxloebiT orobiTSi Seadgens 2100-is 
tol simravles. aRniSnuli ki kriptografiaSi warmoadgens qveda 
zRvars, rac imas niSnavs rom, realur droSi, am simravlidan 
matricis amorCeva aris SeuZlebeli. 
6. matricaTa simravle aris matricaTa veli, anu Caketili 
simravle. ori matricis gamravlebiT miiReba iseTi mesame mat-
rica, romelic moTavsebulia amave matricaTa simravleSi.  
... da bolos, miRebuli axali meTodebi, miekuTvneba asimet-
riul meTods da gamoirCeva maRali medegobiT. kriptosirTules 
warmoadgens matricaTa simravlidan amorCevis sirTule, rasac 
emyareba miRebuli meTodebis saimedooba.  
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danarTi 1. 
1 2 4 3 4 4 3 4 2 1 
2 4 3 1 4 4 1 3 4 2 
2 4 4 1 1 1 1 4 4 2 
3 3 2 4 1 1 4 2 3 3 
2 4 3 3 1 1 3 3 4 2 
4 3 4 2 1 1 2 4 3 4 
1 1 2 4 3 3 4 2 1 1 
2 1 4 3 1 1 3 4 1 2 
2 2 4 3 1 1 3 4 2 2 
A1= 
1 1 2 3 4 4 3 2 1 1 
 
4 0 4 0 3 3 0 4 0 4 
3 4 1 2 1 1 2 1 4 3 
4 1 1 3 4 4 3 1 1 4 
0 2 2 4 4 4 4 2 2 0 
2 0 2 3 3 3 3 2 0 2 
4 2 3 1 1 1 1 3 2 4 
0 4 4 2 3 3 2 4 4 0 
1 0 4 1 1 1 1 4 0 1 
0 3 3 4 1 1 4 3 3 0 
A3 = 
3 4 2 3 2 2 3 2 4 3 
 
 
 
 
 
 
 
 
 
 
 
 
2 0 1 3 0 0 3 2 1 0 
0 2 1 0 4 0 1 1 2 4 
2 1 3 3 3 2 1 0 2 4 
4 3 2 0 4 3 0 1 0 2 
1 4 0 1 1 0 4 3 3 2 
1 4 0 1 1 0 4 3 3 2 
4 3 2 0 4 3 0 1 0 2 
2 1 3 3 3 2 1 0 2 4 
0 2 1 0 4 0 1 1 2 4 
A2= 
2 0 1 3 0 0 3 2 1 0 
 
1 4 1 3 4 4 3 1 4 1 
4 0 0 0 0 0 0 0 0 4 
1 4 0 4 4 4 4 0 4 1 
4 2 1 3 1 1 3 1 2 4 
4 2 4 4 1 1 4 4 2 4 
3 1 1 0 1 1 0 1 1 3 
2 0 1 1 0 0 1 1 0 2 
0 4 4 3 2 2 3 4 4 0 
4 0 2 2 0 0 2 2 0 4 
A4= 
1 3 0 2 1 1 2 0 3 1 
 
2 2 3 0 0 0 0 3 2 2 
4 3 3 3 2 2 3 3 3 4 
1 2 1 2 1 1 2 1 2 1 
0 4 4 4 3 3 4 4 4 0 
4 4 1 4 0 0 4 1 4 4 
4 1 4 4 0 0 4 4 1 4 
1 4 4 0 0 0 0 4 4 1 
0 2 2 4 0 0 4 2 2 0 
2 3 3 0 0 0 0 3 3 2 
A6= 
1 4 4 3 0 0 3 4 4 1 
 
1 4 0 0 2 0 0 3 0 0 
1 0 0 3 4 1 0 1 0 4 
4 1 1 2 0 3 3 2 1 2 
0 3 1 0 4 1 4 4 3 2 
2 1 4 3 3 0 4 1 3 2 
2 1 4 3 3 0 4 1 3 2 
0 3 1 0 4 1 4 4 3 2 
4 1 1 2 0 3 3 2 1 2 
1 0 0 3 4 1 0 1 0 4 
 A5= 
1 4 0 0 2 0 0 3 0 0 
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1 3 1 0 4 2 1 3 2 0 
3 3 2 0 1 2 4 4 3 4 
4 4 2 3 2 4 3 0 1 1 
3 0 0 2 2 3 1 1 2 3 
2 0 2 1 0 3 2 1 4 4 
2 0 2 1 0 3 2 1 4 4 
3 0 0 2 2 3 1 1 2 3 
4 4 2 3 2 4 3 0 1 1 
3 3 2 0 1 2 4 4 3 4 
A7= 
1 3 1 0 4 2 1 3 2 0 
 
1 2 1 1 1 1 1 3 2 4 
1 3 3 2 4 3 1 2 2 0 
0 4 3 3 2 3 3 0 1 2 
0 2 1 1 1 0 4 4 3 1 
2 3 1 4 1 3 2 3 4 1 
2 3 1 4 1 3 2 3 4 1 
0 2 1 1 1 0 4 4 3 1 
0 4 3 3 2 3 3 0 1 2 
1 3 3 2 4 3 1 2 2 0 
A9= 
1 2 1 1 1 1 1 3 2 4 
 
3 2 3 1 2 4 4 4 3 1 
2 1 0 3 3 3 2 2 4 0 
1 4 2 0 1 1 3 4 1 1 
2 4 3 4 2 0 4 4 3 0 
0 3 1 2 2 1 2 4 4 1 
0 3 1 2 2 1 2 4 4 1 
2 4 3 4 2 0 4 4 3 0 
1 4 2 0 1 1 3 4 1 1 
2 1 0 3 3 3 2 2 4 0 
A11= 
3 2 3 1 2 4 4 4 3 1 
 
3 0 2 3 3 3 3 2 0 3 
3 4 3 0 2 2 0 3 4 3 
3 1 2 2 1 1 2 2 1 3 
0 2 2 0 1 1 0 2 2 0 
3 1 4 2 4 4 2 4 1 3 
0 2 1 4 3 3 4 1 2 0 
3 2 0 3 4 4 3 0 2 3 
2 1 0 1 4 4 1 0 1 2 
1 4 0 1 3 3 1 0 4 1 
A8= 
2 4 0 0 0 0 0 0 4 2 
 
4 3 3 3 0 0 3 3 3 4 
4 0 1 2 4 4 2 1 0 4 
2 1 4 1 3 3 1 4 1 2 
1 4 3 4 4 4 4 3 4 1 
2 3 0 2 2 2 2 0 3 2 
4 1 1 3 3 3 3 1 1 4 
4 1 2 4 0 0 4 2 1 4 
3 0 2 0 1 1 0 2 0 3 
3 2 4 3 0 0 3 4 2 3 
A10= 
2 0 0 1 4 4 1 0 0 2 
 
0 3 0 0 0 0 0 0 3 0 
4 0 4 4 3 3 4 4 0 4 
3 1 3 2 1 1 2 3 1 3 
1 4 3 3 2 2 3 3 4 1 
1 2 3 3 1 1 3 3 2 1 
3 1 3 0 1 1 0 3 1 3 
1 3 1 3 4 4 3 1 3 1 
2 4 1 0 3 3 0 1 4 2 
2 1 2 1 3 3 1 2 1 2 
A12= 
3 0 2 4 1 1 4 2 0 3 
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0 3 2 3 0 4 1 4 2 1 
1 4 4 0 0 2 1 0 2 2 
0 2 3 0 3 1 4 2 3 0 
3 3 0 4 4 1 0 4 0 1 
2 3 2 3 3 1 4 0 3 2 
2 3 2 3 3 1 4 0 3 2 
3 3 0 4 4 1 0 4 0 1 
0 2 3 0 3 1 4 2 3 0 
1 4 4 0 0 2 1 0 2 2 
A13= 
0 3 2 3 0 4 1 4 2 1 
 
3 2 3 1 0 4 3 2 1 1 
3 4 2 4 4 3 4 4 3 0 
3 3 3 2 4 0 0 0 0 1 
0 2 3 4 1 1 1 4 2 3 
3 0 0 4 0 3 4 1 3 2 
3 0 0 4 0 3 4 1 3 2 
0 2 3 4 1 1 1 4 2 3 
3 3 3 2 4 0 0 0 0 1 
3 4 2 4 4 3 4 4 3 0 
A15= 
3 2 3 1 0 4 3 2 1 1 
 
3 2 2 2 3 1 1 0 2 0 
0 4 3 0 1 3 4 1 3 1 
1 4 4 3 0 2 2 3 4 3 
2 0 0 1 1 2 4 0 3 3 
1 1 0 1 2 2 3 0 1 3 
1 1 0 1 2 2 3 0 1 3 
2 0 0 1 1 2 4 0 3 3 
1 4 4 3 0 2 2 3 4 3 
0 4 3 0 1 3 4 1 3 1 
A17= 
3 2 2 2 3 1 1 0 2 0 
3 4 2 3 1 1 3 2 4 3 
3 3 3 3 1 1 3 3 3 3 
0 0 3 3 3 3 3 3 0 0 
3 3 1 1 3 3 1 1 3 3 
1 0 1 4 4 4 4 1 0 1 
1 2 4 0 1 1 0 4 2 1 
4 3 2 3 2 2 3 2 3 4 
0 3 2 4 2 2 4 2 3 0 
3 1 4 1 4 4 1 4 1 3 
A14= 
4 2 1 4 1 1 4 1 2 4 
 
1 4 1 3 4 4 3 1 4 1 
4 0 0 0 0 0 0 0 0 4 
1 4 0 4 4 4 4 0 4 1 
4 2 1 3 1 1 3 1 2 4 
4 2 4 4 1 1 4 4 2 4 
3 1 1 0 1 1 0 1 1 3 
2 0 1 1 0 0 1 1 0 2 
0 4 4 3 2 2 3 4 4 0 
4 0 2 2 0 0 2 2 0 4 
A16= 
1 3 0 2 1 1 2 0 3 1 
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danarTi 2. 
 
0 1 1 0 0 0 1 1 0 1 1 1 1 0 1 0 
1 0 0 0 1 1 0 1 0 1 0 1 1 0 1 0 
1 1 0 0 1 1 1 0 1 0 1 0 1 0 1 0 
0 0 0 1 0 1 0 1 1 0 0 1 1 0 1 0 
1 1 1 1 1 1 0 1 1 0 1 0 1 0 1 0 
0 0 0 0 1 1 1 0 1 0 1 1 0 0 0 1 
1 0 1 0 1 0 1 1 0 0 0 1 0 0 1 0 
0 0 1 1 1 0 1 0 1 0 1 1 1 0 1 0 
1 1 1 1 1 1 1 0 0 0 0 1 1 1 1 0 
0 1 1 1 0 0 0 0 1 0 1 0 1 0 1 0 
0 1 0 1 0 0 1 1 1 0 0 1 0 0 1 0 
1 1 1 1 0 1 0 1 0 1 0 1 1 0 1 0 
0 1 0 0 1 0 1 0 1 0 1 0 1 1 1 0 
1 1 0 1 0 0 1 1 0 1 1 1 0 1 1 0 
0 0 1 1 0 0 0 1 1 0 0 1 0 1 0 1 
A1= 
1 1 1 0 0 1 0 1 0 0 0 1 0 1 0 1 
 
 
1 1 1 1 1 0 1 0 1 0 1 0 0 1 0 0 
0 0 0 0 1 0 1 1 1 1 1 0 0 0 0 0 
0 1 0 1 0 0 1 0 0 1 0 0 1 1 1 1 
1 1 0 1 0 0 0 0 1 0 1 1 1 1 1 1 
1 0 0 0 1 0 0 1 0 0 0 1 1 1 1 0 
0 0 1 1 1 0 0 0 1 1 1 0 0 0 0 0 
1 0 0 0 1 0 0 1 0 0 1 1 1 1 0 1 
0 1 1 0 1 0 0 1 1 1 0 0 1 1 1 0 
0 0 1 1 0 1 0 0 0 1 1 1 0 1 1 1 
0 0 0 1 0 1 0 1 0 1 0 1 0 0 0 0 
0 0 0 1 0 0 0 1 0 0 1 0 1 0 1 1 
1 0 0 1 1 1 0 1 1 0 0 0 1 0 1 0 
0 0 1 1 0 1 1 0 1 1 1 0 0 0 1 1 
1 1 0 0 0 1 0 0 0 0 1 1 1 1 0 1 
0 0 1 1 1 1 0 0 1 0 0 0 1 1 0 0 
A2= 
1 0 0 0 0 1 1 1 0 1 1 0 1 1 0 1 
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1 0 0 1 1 0 0 1 0 0 0 0 1 1 1 1 
0 1 0 1 1 0 1 1 1 0 0 1 0 0 1 1 
0 0 0 0 0 1 1 0 0 0 1 0 1 1 1 0 
1 1 0 1 0 1 0 1 1 0 0 0 1 1 1 1 
0 1 1 0 1 1 0 0 1 1 0 1 1 0 0 0 
0 0 1 0 1 0 1 0 1 0 1 0 0 1 1 1 
1 0 1 0 1 1 0 0 0 0 0 1 0 1 0 0 
0 1 0 0 0 1 0 1 0 1 1 1 0 1 1 0 
1 1 0 0 1 1 0 0 0 0 0 0 1 1 1 0 
1 1 0 0 1 1 0 1 0 1 1 1 1 1 0 0 
1 1 0 0 0 1 0 1 1 0 0 0 0 0 1 0 
1 0 0 1 0 0 0 0 1 0 1 1 0 1 0 1 
0 0 1 0 0 0 1 0 1 1 1 1 0 1 0 0 
1 0 1 0 0 0 0 1 1 0 0 1 0 0 1 0 
1 0 0 1 0 1 1 1 0 1 0 1 0 1 1 1 
A3= 
0 1 0 1 0 0 1 0 0 1 1 1 1 1 1 0 
 
 
0 1 0 1 1 1 1 1 1 1 1 0 0 0 1 1 
0 0 0 1 0 0 1 1 1 1 0 1 1 1 0 1 
1 0 0 1 1 1 1 0 0 0 1 1 0 0 1 1 
0 1 0 1 0 0 0 0 0 1 0 1 1 0 1 1 
0 0 0 0 1 1 1 1 0 1 0 0 1 0 0 1 
0 0 1 0 0 0 0 0 0 0 1 1 1 0 1 1 
1 1 0 1 0 1 0 0 1 1 0 0 1 1 1 0 
1 0 1 0 0 1 0 0 0 0 0 0 1 1 0 0 
0 0 0 1 1 1 0 1 1 1 0 0 1 1 0 0 
1 0 1 0 1 1 1 0 0 0 1 0 1 1 0 0 
1 1 1 0 1 0 1 1 1 1 1 1 1 0 1 0 
0 1 1 0 1 1 1 1 0 1 0 0 0 0 1 0 
0 0 1 0 0 0 1 0 1 1 1 1 1 0 0 1 
0 1 1 0 0 1 0 0 1 0 0 0 1 1 1 1 
0 0 1 1 0 0 0 1 0 0 1 1 0 0 1 0 
A4= 
0 1 1 0 1 0 1 1 1 0 1 1 1 0 0 1 
 
 
  
92 
0 1 0 1 1 0 1 1 0 1 1 0 0 1 1 0 
0 0 0 1 1 1 0 0 0 0 1 0 1 0 0 1 
0 1 1 1 0 1 0 1 1 0 1 1 0 1 1 0 
1 1 0 1 1 0 1 0 0 1 0 0 1 0 1 0 
1 1 1 1 0 0 0 0 1 0 0 0 1 1 0 1 
1 0 0 0 0 0 0 1 1 1 0 1 1 1 1 0 
1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 
0 0 0 0 1 0 1 1 0 1 0 0 1 0 0 1 
1 0 0 1 0 1 0 1 1 1 1 1 0 1 0 1 
0 1 0 0 1 1 1 0 0 1 0 1 1 1 1 1 
1 0 1 0 1 1 0 0 1 1 1 1 0 1 0 1 
0 0 1 1 0 1 0 1 1 0 0 1 1 0 1 0 
0 1 0 1 0 1 0 1 0 0 1 1 1 0 0 1 
1 1 1 0 1 0 0 1 0 0 1 0 1 1 1 0 
1 0 1 1 0 0 1 0 1 0 0 0 0 0 1 0 
A5= 
0 1 0 1 1 0 0 1 1 0 1 0 0 1 0 0 
 
 
 
0 0 0 0 1 1 0 0 1 1 1 0 1 0 0 1 
0 1 0 1 1 1 1 0 0 0 1 0 0 0 1 1 
1 0 1 1 0 1 1 0 1 1 1 1 0 1 1 1 
0 1 1 0 0 0 1 1 0 1 1 1 0 1 1 0 
0 0 0 0 0 1 1 1 0 1 0 1 0 0 0 1 
0 0 1 0 0 0 0 1 0 1 1 0 0 0 1 1 
1 1 1 1 0 0 1 1 0 1 0 1 0 1 0 0 
0 0 1 0 1 1 0 1 0 0 0 1 0 0 1 1 
1 1 1 0 0 0 1 0 0 0 0 0 1 1 1 1 
1 1 1 0 1 0 0 1 1 1 1 0 0 1 0 0 
1 0 0 1 0 1 1 0 0 1 1 0 1 1 1 0 
1 1 1 1 1 0 0 1 1 1 0 1 0 1 1 0 
1 0 0 0 0 1 1 1 0 0 1 1 0 1 0 1 
1 1 0 0 0 1 1 0 0 1 0 0 0 0 0 0 
0 0 0 0 0 1 0 1 0 1 0 1 1 0 0 0 
A6= 
1 1 0 0 1 0 1 0 0 0 0 1 0 1 1 1 
 
 
  
93 
0 1 0 1 1 0 1 1 1 1 0 0 0 0 1 0 
0 0 1 0 1 0 0 0 0 0 1 1 1 1 0 1 
1 1 1 1 1 1 0 0 0 0 0 0 0 1 0 0 
1 1 0 1 0 0 0 0 1 1 0 1 1 0 1 1 
1 0 0 1 1 1 1 1 1 0 1 0 1 1 1 0 
1 0 1 0 1 0 1 0 0 1 1 1 0 0 0 1 
0 0 1 0 1 1 1 1 0 0 0 1 1 0 1 1 
0 1 0 1 1 1 1 1 1 1 0 0 0 1 1 0 
1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 
0 0 0 1 0 0 1 1 1 0 0 0 0 0 1 0 
0 0 0 0 0 1 1 0 0 1 0 1 1 0 1 0 
0 1 0 0 1 0 1 0 1 1 1 1 1 1 1 1 
0 0 0 0 0 0 1 1 0 1 1 1 0 1 0 0 
0 0 0 0 1 0 1 1 0 0 0 0 1 0 1 1 
1 1 1 0 1 0 1 1 1 1 0 1 0 0 1 1 
A7= 
0 0 1 0 0 1 0 1 1 0 0 1 1 1 1 0 
 
 
 
 
 
 
0 0 0 1 1 0 0 1 1 1 0 1 0 0 0 0 
1 0 1 0 0 1 0 1 0 1 0 0 0 0 1 0 
0 1 1 1 0 0 1 1 0 1 0 0 1 1 1 0 
1 0 0 0 1 0 1 1 1 1 1 1 0 0 0 1 
1 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 
0 1 0 1 1 0 1 0 0 1 0 0 1 0 1 1 
1 1 0 1 1 0 1 1 0 1 0 0 0 1 1 0 
0 1 1 1 0 0 0 1 0 0 1 1 0 0 1 1 
0 0 1 0 0 0 1 0 1 0 0 1 1 0 1 0 
0 1 1 0 0 1 1 1 0 0 0 1 1 1 1 0 
0 1 1 1 1 0 0 1 0 0 1 0 1 0 1 1 
1 1 1 0 1 1 0 0 1 0 0 1 1 0 1 1 
1 0 0 0 0 0 0 0 1 1 1 1 0 1 1 1 
0 0 1 0 0 1 0 0 0 0 1 1 0 0 0 1 
1 0 0 0 1 0 0 0 1 1 1 0 0 1 0 1 
A8= 
1 0 0 1 0 0 1 1 1 0 1 0 1 1 1 1 
  
94 
 
1 0 0 1 0 1 0 1 1 0 0 0 1 1 1 1 
1 0 0 1 0 0 1 0 1 1 1 1 1 0 0 1 
0 1 1 1 1 0 0 1 1 1 0 0 1 1 0 0 
1 1 0 0 0 0 0 0 1 1 0 0 1 1 0 1 
1 1 1 1 0 0 1 0 1 0 0 1 0 1 1 1 
1 1 1 1 0 1 0 0 1 1 0 1 1 1 1 1 
0 0 1 0 1 1 1 1 0 0 0 1 1 0 1 0 
0 1 1 0 1 0 0 0 1 1 1 1 0 0 0 0 
0 1 0 0 1 1 1 0 1 0 1 1 1 1 1 0 
0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 
0 1 0 0 1 0 1 1 1 1 0 1 0 1 0 1 
1 1 1 1 0 1 1 1 1 0 1 0 1 1 0 0 
1 0 1 0 1 0 0 0 0 0 1 1 1 0 1 1 
1 0 0 0 0 1 0 1 1 1 0 0 1 1 1 0 
0 1 1 0 1 1 1 0 0 0 0 1 1 0 1 0 
A9= 
1 0 0 1 0 0 1 0 0 1 0 1 1 1 0 1 
 
 
0 0 1 0 0 0 1 1 1 0 0 0 1 1 0 1 
1 0 1 1 1 0 0 1 0 0 0 0 1 0 1 0 
0 1 0 1 0 1 0 1 0 1 0 1 1 0 1 1 
1 1 0 1 1 1 1 1 1 1 0 0 1 0 0 1 
0 0 0 0 0 0 1 1 1 0 1 0 0 0 0 0 
1 0 0 1 0 0 0 0 0 1 0 1 1 1 0 0 
1 0 1 0 0 1 1 1 0 1 1 0 1 1 0 0 
0 0 0 0 1 0 1 1 0 1 1 1 0 0 1 0 
0 1 1 0 1 0 1 0 1 0 0 1 1 1 1 0 
1 0 1 0 1 0 0 1 1 1 1 1 1 0 0 0 
1 1 0 1 1 0 1 1 0 1 0 0 0 1 1 0 
0 1 0 0 1 1 1 1 1 0 0 1 1 1 1 1 
0 0 0 1 0 1 1 0 1 0 1 1 0 1 0 0 
0 1 1 1 1 0 1 1 1 0 0 1 0 1 1 0 
0 0 0 0 1 0 1 0 1 0 0 0 0 0 1 0 
A10= 
0 1 1 0 1 0 1 0 1 1 1 0 0 0 0 0 
 
 
  
95 
1 1 0 1 0 0 0 1 0 0 0 1 0 1 1 0 
1 1 1 0 0 1 1 1 1 0 1 0 1 0 0 1 
1 0 1 1 0 1 0 1 1 1 0 1 1 1 1 0 
1 1 0 0 1 1 1 1 0 1 1 0 0 0 0 1 
1 0 1 1 1 0 0 0 0 1 1 1 1 0 1 0 
1 1 1 1 1 1 1 0 0 1 0 1 1 0 1 0 
1 1 0 1 0 1 0 1 0 1 0 1 0 1 1 0 
0 1 1 1 1 1 1 0 0 1 0 0 1 0 0 0 
1 0 0 0 1 0 0 1 1 0 1 1 0 1 0 1 
1 0 1 1 1 0 0 1 1 0 1 0 0 1 0 0 
1 0 0 1 0 0 0 1 0 0 1 1 1 0 1 1 
1 1 1 1 0 0 0 1 1 0 1 0 0 1 1 1 
1 1 1 1 0 0 1 1 1 1 1 1 1 0 0 1 
0 0 1 1 1 0 0 1 1 1 1 0 0 0 0 1 
0 1 0 1 1 0 0 0 0 1 0 0 0 1 0 0 
A11= 
1 1 0 0 0 1 0 1 0 1 0 1 0 1 0 1 
 
 
1 0 1 1 1 1 1 0 1 0 0 1 0 0 0 1 
1 0 0 1 0 1 0 1 1 1 1 0 1 0 0 1 
0 1 1 1 1 1 0 0 0 0 1 0 0 0 0 0 
1 1 1 1 0 1 1 0 0 0 0 0 0 1 1 0 
0 1 1 0 0 1 0 0 0 1 1 1 0 1 0 0 
0 1 1 0 1 0 1 1 1 1 1 1 1 1 0 1 
1 0 0 1 0 0 0 0 1 0 1 1 0 0 0 1 
0 1 1 1 0 1 1 0 1 0 0 0 0 1 0 1 
1 0 0 0 0 1 0 0 1 1 0 0 0 1 1 0 
1 1 0 0 0 0 0 0 1 1 1 0 1 0 1 1 
0 0 0 0 0 0 1 1 1 1 0 1 1 1 1 0 
0 1 0 1 0 1 1 1 0 1 0 1 0 0 1 0 
0 0 0 1 0 1 1 1 1 0 1 0 1 0 0 1 
0 0 1 1 0 1 1 1 1 1 0 1 0 1 1 1 
0 1 0 1 1 0 1 0 0 0 1 1 1 1 1 1 
A12= 
0 0 1 0 0 0 0 1 0 0 0 1 0 1 1 1 
 
 
 
  
96 
0 0 0 0 0 0 1 0 1 0 1 0 1 0 1 0 
1 0 0 0 0 1 0 1 1 0 0 0 1 1 0 0 
1 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 
1 0 1 1 0 1 1 1 1 0 0 0 0 1 1 1 
1 0 0 0 0 1 1 0 1 0 1 0 1 1 1 0 
0 1 0 1 0 0 0 1 1 0 1 0 0 0 0 0 
0 0 1 1 0 1 0 1 0 0 1 1 1 0 0 0 
0 1 1 0 1 1 0 1 1 0 0 0 1 0 0 1 
0 1 1 1 1 0 1 1 1 0 0 1 0 0 1 0 
0 0 0 1 0 1 1 0 0 0 0 0 1 1 1 0 
0 1 0 1 0 0 0 0 1 0 0 1 1 1 1 0 
1 1 1 0 0 1 1 1 1 0 1 1 1 0 1 0 
1 0 1 1 0 0 1 0 1 1 1 0 1 1 0 1 
0 1 0 1 1 1 1 0 1 0 1 1 1 1 0 0 
1 0 0 0 0 1 0 1 1 1 0 1 1 1 0 0 
A13= 
1 1 0 1 0 0 1 0 0 0 1 1 0 1 0 0 
 
 
1 1 0 0 1 0 0 0 1 0 0 0 1 1 0 1 
1 0 1 1 1 1 0 1 0 1 0 0 1 1 1 1 
1 1 1 0 1 1 0 1 1 1 0 1 0 1 0 1 
1 0 0 0 1 1 0 1 0 0 1 0 1 1 1 0 
1 1 0 0 0 0 0 1 1 1 0 1 1 0 1 1 
0 0 1 1 1 1 1 1 1 0 1 1 0 0 0 1 
1 0 1 1 1 0 1 1 1 0 0 1 0 0 0 0 
1 1 0 0 0 0 0 0 1 0 1 1 1 0 0 0 
0 0 0 1 1 1 0 0 1 1 1 1 0 1 1 0 
0 1 1 1 0 0 1 1 1 0 0 0 1 1 1 0 
1 0 1 0 0 0 0 0 1 1 0 1 1 0 1 0 
1 0 1 1 0 0 0 1 1 0 1 0 0 1 1 0 
0 0 0 0 0 1 1 1 1 0 1 1 1 1 0 0 
0 0 1 0 1 1 1 1 1 1 0 1 1 0 1 0 
0 0 1 1 1 1 1 0 0 1 1 0 1 1 0 0 
A14= 
1 0 1 0 1 0 1 0 0 0 0 0 0 0 0 1 
 
 
 
  
97 
 
1 0 0 1 1 1 1 0 1 0 0 0 0 0 1 0 
0 1 1 1 1 1 0 1 0 0 1 1 1 0 1 1 
0 0 0 1 1 1 1 1 1 0 1 1 1 1 0 0 
0 1 1 0 1 0 1 1 1 0 0 0 0 0 1 1 
0 1 0 1 1 1 1 1 0 0 1 1 0 0 1 1 
0 0 1 0 0 0 1 1 1 1 0 1 0 1 1 1 
0 0 1 1 0 0 1 1 1 1 0 1 0 0 1 1 
0 1 1 0 0 0 1 1 0 0 0 1 1 1 0 1 
1 0 1 1 0 0 1 1 1 0 0 0 0 1 0 0 
0 0 1 0 1 0 1 1 1 1 1 1 1 0 0 0 
0 1 0 0 1 1 0 1 1 1 0 0 1 0 1 0 
0 0 0 0 1 1 1 1 1 0 1 1 1 1 1 1 
1 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 
0 0 0 1 1 0 1 1 1 0 1 1 1 0 0 0 
0 0 0 1 0 1 0 0 1 0 1 0 0 0 1 1 
A15= 
1 0 1 1 0 1 1 0 0 0 0 0 1 1 1 1 
 
 
1 0 0 0 1 0 0 1 0 0 1 1 1 0 0 1 
0 1 0 1 1 1 0 0 0 1 1 1 1 0 0 1 
1 1 1 1 0 1 0 1 0 0 0 1 1 0 0 0 
0 0 1 1 1 0 1 1 1 1 0 1 0 0 1 1 
1 0 1 1 1 0 0 0 0 1 1 0 1 0 0 0 
0 1 1 1 0 0 0 1 0 0 0 1 1 1 1 0 
1 1 0 0 1 0 0 1 1 1 0 0 1 0 0 1 
1 0 1 0 0 1 1 0 0 0 0 0 0 1 0 1 
0 0 1 0 0 1 1 0 0 0 0 1 1 1 1 1 
0 0 1 1 1 0 0 1 1 1 0 1 0 0 0 0 
0 1 1 0 0 1 0 0 0 0 0 0 1 0 1 1 
1 0 0 1 0 0 1 0 0 0 1 0 1 0 1 0 
1 0 0 0 1 0 1 1 1 1 0 1 1 1 0 1 
1 0 1 0 0 1 1 0 1 1 1 0 0 0 1 0 
1 0 0 1 1 0 1 1 1 0 1 1 0 1 1 0 
A16= 
0 0 0 0 1 1 0 0 1 0 0 1 1 1 0 1 
 
 
  
98 
 
1 1 1 0 0 0 0 0 0 0 1 0 1 0 1 0 
1 1 1 0 0 0 1 1 1 1 1 0 1 0 0 1 
1 1 0 0 1 0 0 1 1 0 0 0 1 1 0 0 
0 0 1 0 0 1 1 0 0 1 0 0 1 0 0 1 
1 1 0 0 1 1 1 0 0 1 0 0 1 1 0 0 
0 0 1 0 0 1 1 0 1 1 1 0 1 0 1 0 
1 1 0 1 0 0 1 1 0 0 0 1 1 0 0 0 
0 0 1 1 1 0 1 0 1 1 0 1 0 0 0 0 
1 1 0 1 1 1 0 0 1 0 1 1 0 0 1 0 
0 1 1 0 0 0 0 0 1 1 0 1 1 0 0 1 
1 1 1 1 0 0 1 0 1 0 0 0 0 0 1 1 
0 1 0 0 1 0 1 1 1 0 0 1 0 1 1 1 
1 0 0 0 1 1 1 0 0 0 1 1 0 1 1 1 
0 0 1 0 1 0 1 1 0 0 0 1 1 0 0 1 
0 0 1 0 0 0 1 0 0 1 0 1 1 0 0 0 
A17= 
0 0 1 0 0 0 1 0 0 1 0 1 1 0 0 0 
 
 
1 1 1 1 1 1 0 0 1 0 1 0 0 0 1 1 
0 1 0 1 1 1 0 0 0 1 1 1 1 0 0 0 
1 1 0 0 1 1 0 0 1 0 1 1 0 1 1 1 
1 0 0 1 1 1 0 0 0 1 0 1 0 0 1 1 
0 0 1 0 1 1 1 0 1 0 0 1 1 1 1 1 
1 0 1 0 1 1 0 1 0 0 0 0 0 0 1 1 
1 1 1 1 0 0 0 0 0 1 1 0 0 1 1 1 
0 1 0 0 1 0 1 1 0 1 1 0 1 1 1 1 
1 0 1 1 1 1 1 0 1 1 1 0 1 1 1 1 
1 1 1 0 0 0 1 1 0 0 0 1 0 0 1 1 
1 0 0 0 0 1 1 1 0 1 1 0 0 1 1 1 
1 1 0 1 0 0 0 0 0 0 0 1 1 0 0 0 
1 1 0 0 1 0 0 1 1 1 1 0 1 1 1 1 
0 0 0 0 0 0 0 1 0 1 1 0 0 0 1 1 
1 0 1 0 1 0 1 0 1 1 0 0 0 0 0 0 
A18= 
1 0 1 0 0 1 0 1 0 0 0 1 1 0 1 1 
 
 
  
99 
0 0 1 1 0 1 1 0 1 0 1 0 1 0 1 1 
1 0 1 1 0 1 0 1 1 0 0 0 1 0 0 1 
0 1 0 0 0 1 0 1 0 0 0 1 0 1 1 0 
0 1 0 1 1 1 1 0 0 0 0 0 1 0 1 0 
0 1 0 1 0 0 1 1 0 1 0 0 1 0 0 0 
1 1 1 1 1 1 0 0 0 0 0 1 0 0 0 0 
0 1 0 1 1 1 1 1 1 0 0 0 0 0 1 0 
1 0 0 1 0 1 0 0 0 0 0 1 0 0 1 0 
1 0 0 1 1 0 1 1 0 1 0 0 1 1 0 0 
1 0 1 0 1 0 1 1 1 0 1 1 1 1 0 1 
1 1 1 1 1 1 1 0 1 1 1 1 1 0 0 0 
1 1 0 1 0 1 1 0 1 0 0 1 0 0 1 1 
0 0 1 1 1 1 0 1 0 0 0 1 0 0 0 0 
0 1 1 1 1 1 0 1 0 1 1 1 1 0 0 1 
0 0 1 0 0 0 1 0 0 1 0 1 1 0 0 0 
A19= 
0 0 1 0 0 0 1 0 0 1 0 1 1 0 0 0 
 
 
 
 
 
1 1 0 0 1 1 0 0 0 0 0 0 1 0 0 0 
1 1 1 0 0 1 0 1 0 0 1 0 1 0 1 1 
1 1 1 1 1 1 0 0 0 0 0 1 1 1 0 0 
0 0 1 0 1 0 1 0 1 1 0 1 1 0 1 1 
0 0 0 0 0 0 0 0 1 1 1 0 0 1 1 1 
0 0 1 1 1 0 1 0 0 0 1 0 1 0 0 0 
0 1 1 1 1 0 0 1 1 0 0 1 1 1 1 1 
0 1 0 0 0 1 0 0 1 0 1 1 0 1 0 0 
0 1 0 0 1 1 0 0 1 0 0 0 1 0 1 1 
0 1 1 1 0 1 0 0 0 0 1 1 1 0 0 0 
1 1 1 0 1 1 0 1 1 1 1 1 0 0 1 1 
0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0 
1 1 0 1 1 0 0 0 1 1 1 0 0 1 1 1 
0 0 0 0 1 1 1 0 1 0 1 1 1 0 0 0 
1 0 0 0 1 0 1 1 0 1 1 0 0 0 1 1 
A20= 
0 1 1 1 0 1 1 0 1 1 0 1 1 1 0 0 
 
 
  
100 
1 0 0 1 0 1 0 0 1 0 1 0 0 0 1 1 
1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 1 1 1 0 1 1 1 0 0 
0 0 1 1 0 1 1 1 1 1 0 1 0 1 1 1 
1 0 1 0 0 1 1 1 0 0 1 0 0 0 0 0 
0 0 1 1 1 0 1 1 1 0 1 1 1 1 1 0 
1 1 1 0 1 1 0 0 1 0 1 0 0 1 0 1 
1 1 1 0 0 0 0 0 0 0 1 0 1 0 1 0 
0 0 0 1 0 1 1 1 0 1 1 0 0 1 1 1 
0 0 1 0 1 0 1 1 0 1 0 1 1 1 0 0 
0 0 1 0 0 1 0 0 1 0 1 1 0 0 1 1 
0 0 1 0 0 0 1 0 1 1 1 1 1 0 1 1 
1 1 0 1 0 1 0 0 0 0 1 0 1 1 0 0 
0 0 0 0 1 0 0 1 1 1 1 1 0 0 0 0 
1 0 0 1 1 1 0 1 1 0 1 1 0 1 0 1 
A21= 
1 0 0 1 1 1 0 1 1 0 1 1 0 1 0 1 
 
 
 
1 1 0 0 1 0 1 1 0 0 0 0 1 0 1 1 
0 0 1 1 1 0 0 1 0 0 1 1 0 1 1 1 
1 1 0 0 0 0 1 1 0 1 1 0 1 1 0 0 
0 1 0 1 0 1 1 0 0 1 0 0 0 1 0 0 
1 0 0 1 1 1 1 1 0 0 0 1 0 1 0 0 
0 1 1 1 1 0 0 1 1 1 0 0 0 1 1 1 
1 0 0 1 1 0 1 0 1 1 1 1 0 0 1 1 
1 1 1 0 0 1 0 0 0 0 1 1 0 1 1 1 
0 1 0 0 1 0 1 1 1 0 0 0 1 0 0 0 
0 0 0 0 1 1 1 1 1 0 1 0 0 1 0 0 
0 0 0 0 1 0 0 1 1 0 0 1 1 1 0 0 
1 0 1 0 1 1 0 0 1 0 0 0 0 1 1 1 
1 1 0 1 1 0 0 0 1 1 1 0 0 1 1 1 
1 0 1 0 1 1 1 0 0 0 1 1 1 0 1 1 
1 0 1 1 0 1 0 0 0 0 0 1 0 0 1 1 
A22= 
1 1 0 1 1 0 1 1 0 0 0 1 1 1 1 1 
 
 
  
101 
1 1 1 0 0 0 0 0 0 0 1 0 1 0 1 1 
0 0 1 0 0 1 0 0 1 1 1 1 0 1 1 1 
1 0 1 1 0 0 0 1 0 1 1 1 1 1 1 1 
0 0 1 0 0 1 1 0 0 1 0 0 1 0 0 1 
0 1 1 1 0 0 0 1 1 0 1 0 0 0 0 0 
1 0 1 1 1 0 1 1 0 1 0 1 1 1 1 0 
0 1 0 0 1 1 1 0 1 0 1 0 1 1 0 0 
0 0 0 1 1 0 0 0 1 0 0 0 1 0 0 0 
0 0 0 1 1 0 1 1 1 0 1 0 1 1 0 1 
0 0 0 1 1 0 0 0 0 0 1 0 1 0 1 1 
0 1 0 0 1 1 0 1 0 1 1 0 1 1 1 1 
0 0 1 1 0 0 1 1 0 1 1 0 0 1 0 1 
0 0 1 1 0 0 0 1 1 1 0 1 1 0 1 1 
1 1 1 0 1 1 0 0 0 0 0 0 0 1 1 1 
1 1 0 0 0 1 1 1 0 0 0 1 1 1 1 1 
A23= 
1 1 0 0 0 1 1 1 0 0 0 1 1 1 1 1 
 
 
 
0 1 1 0 1 1 0 0 1 0 0 0 1 0 1 1 
0 0 1 1 1 0 0 1 0 0 1 1 0 1 1 1 
0 0 0 1 1 1 1 1 0 1 1 1 0 0 0 0 
0 1 1 0 1 0 0 1 0 0 1 1 0 1 0 0 
1 1 0 1 1 0 1 1 1 1 1 1 1 0 0 0 
0 0 1 1 1 1 0 1 0 0 1 0 1 0 1 1 
0 1 0 0 0 1 1 0 1 1 1 0 1 1 1 1 
1 1 0 1 1 0 1 1 0 1 0 0 0 1 1 1 
0 1 0 0 1 0 1 1 1 0 0 0 1 0 0 0 
0 0 1 1 0 0 0 0 1 1 0 1 0 1 0 0 
0 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 
1 0 0 1 0 0 1 1 1 1 1 1 0 1 1 1 
0 1 1 1 1 1 1 1 0 1 1 0 0 1 1 1 
1 0 0 1 0 0 0 1 0 1 0 0 1 0 1 1 
1 1 0 0 1 1 1 1 1 0 0 0 1 1 1 1 
A24= 
1 0 0 1 1 1 1 1 1 1 1 1 0 0 1 1 
 
 
  
102 
1 0 1 0 1 0 1 1 0 0 0 1 1 1 1 1 
0 1 1 1 0 0 1 0 1 0 0 1 0 1 1 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 
0 1 0 1 1 1 1 0 0 0 0 0 1 0 1 1 
0 0 0 0 1 0 0 1 1 1 1 0 0 0 1 0 
1 1 0 1 1 1 1 0 0 1 0 0 1 0 0 1 
0 1 1 1 1 1 0 1 1 1 0 1 1 0 1 0 
0 0 1 0 1 0 1 1 1 1 1 1 1 1 1 0 
0 0 0 0 0 1 1 0 1 1 1 1 1 0 0 0 
0 0 1 1 0 1 1 0 0 0 0 0 1 0 0 0 
0 1 1 0 0 0 1 1 0 1 0 0 1 1 0 0 
0 1 0 0 1 0 1 1 0 0 1 0 0 1 1 1 
0 1 1 0 0 1 1 1 1 0 1 1 1 0 1 0 
1 0 1 1 1 0 1 0 0 1 1 0 0 1 1 0 
1 1 0 0 0 1 1 1 0 0 0 1 1 1 1 1 
A25= 
1 1 0 0 0 1 1 1 0 0 0 1 1 1 1 1 
 
 
 
1 0 1 1 0 0 0 0 1 0 0 1 0 1 1 1 
1 0 0 1 1 1 1 0 1 0 1 1 0 1 1 1 
1 1 1 1 1 1 0 0 0 0 0 1 1 1 0 0 
0 0 1 0 1 1 0 1 1 1 0 1 1 0 0 0 
0 0 0 0 0 1 1 1 1 1 1 0 0 1 0 0 
0 1 0 0 0 1 1 0 1 0 1 1 0 1 1 1 
0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 
0 0 1 1 1 0 0 0 0 0 1 0 1 0 1 1 
0 1 0 0 1 0 1 1 1 0 0 0 1 0 0 0 
0 1 1 1 0 1 0 0 0 0 1 1 1 0 0 0 
1 1 1 0 1 0 1 0 1 1 1 1 0 0 0 0 
0 1 1 1 0 0 0 0 1 0 0 1 1 0 1 1 
1 0 1 0 0 0 1 1 0 1 1 1 1 0 1 1 
0 1 1 1 0 0 1 0 0 0 1 0 0 1 1 1 
1 1 1 1 0 0 0 0 1 1 1 1 1 1 1 1 
A26= 
1 1 1 0 0 1 0 0 0 1 1 0 1 1 1 1 
 
 
  
103 
0 0 0 0 1 0 0 1 0 0 0 1 0 1 1 1 
0 1 0 1 1 1 0 0 1 0 1 1 0 1 0 1 
1 1 0 1 0 1 0 0 0 1 1 0 1 0 0 0 
1 0 1 0 1 0 1 0 0 1 1 0 0 0 1 0 
1 1 1 1 1 1 0 1 1 0 0 0 1 0 1 1 
1 0 1 0 0 1 1 0 0 0 0 0 1 0 1 1 
0 0 1 0 1 0 1 1 1 0 1 1 1 0 1 1 
0 1 1 1 1 1 0 1 1 0 0 1 1 1 1 1 
1 0 0 0 1 0 1 0 1 1 0 1 0 0 1 1 
1 1 1 0 1 1 0 0 0 1 0 0 0 0 1 0 
1 0 1 1 1 0 0 1 0 0 0 0 0 1 1 0 
1 0 1 1 1 1 1 1 0 1 0 0 1 1 1 0 
0 1 0 0 1 0 0 1 1 0 0 1 1 0 0 1 
1 0 0 1 0 1 0 0 0 1 0 0 0 1 0 1 
1 1 0 0 0 1 1 1 0 0 0 1 1 1 1 1 
A27= 
1 1 0 0 0 1 1 1 0 0 0 1 1 1 1 1 
 
 
 
1 1 0 0 1 0 1 1 0 0 0 0 1 0 1 1 
0 0 1 1 1 0 0 1 0 0 1 1 0 1 1 1 
1 1 0 0 0 0 1 1 0 1 1 0 1 1 0 0 
0 1 0 1 0 1 1 0 0 1 0 0 0 1 0 0 
1 0 0 1 1 1 1 1 0 0 0 1 0 1 0 0 
0 1 1 1 1 0 0 1 1 1 0 0 0 1 1 1 
1 0 0 1 1 0 1 0 1 1 1 1 0 0 1 1 
1 1 1 0 0 1 0 0 0 0 1 1 0 1 1 1 
0 1 0 0 1 0 1 1 1 0 0 0 1 0 0 0 
0 0 0 0 1 1 1 1 1 0 1 0 0 1 0 0 
0 0 0 0 1 0 0 1 1 0 0 1 1 1 0 0 
1 0 1 0 1 1 0 0 1 0 0 0 0 1 1 1 
1 1 0 1 1 0 0 0 1 1 1 0 0 1 1 1 
1 0 1 0 1 1 1 0 0 0 1 1 1 0 1 1 
1 0 1 1 0 1 0 0 0 0 0 1 0 0 1 1 
A28= 
1 1 0 1 1 0 1 1 0 0 0 1 1 1 1 1 
 
 
  
104 
1 1 1 0 0 0 0 0 0 0 1 0 1 0 1 1 
0 0 1 0 0 1 0 0 1 1 1 1 0 1 1 1 
1 0 1 1 0 0 0 1 0 1 1 1 1 1 1 1 
0 0 1 0 0 1 1 0 0 1 0 0 1 0 0 1 
0 1 1 1 0 0 0 1 1 0 1 0 0 0 0 0 
1 0 1 1 1 0 1 1 0 1 0 1 1 1 1 0 
0 1 0 0 1 1 1 0 1 0 1 0 1 1 0 0 
0 0 0 1 1 0 0 0 1 0 0 0 1 0 0 0 
0 0 0 1 1 0 1 1 1 0 1 0 1 1 0 1 
0 0 0 1 1 0 0 0 0 0 1 0 1 0 1 1 
0 1 0 0 1 1 0 1 0 1 1 0 1 1 1 1 
0 0 1 1 0 0 1 1 0 1 1 0 0 1 0 1 
0 0 1 1 0 0 0 1 1 1 0 1 1 0 1 1 
1 1 1 0 1 1 0 0 0 0 0 0 0 1 1 1 
1 1 0 0 0 1 1 1 0 0 0 1 1 1 1 1 
A29= 
1 1 0 0 0 1 1 1 0 0 0 1 1 1 1 1 
 
 
 
0 1 1 0 1 1 0 0 1 0 0 0 1 0 1 1 
0 0 1 1 1 0 0 1 0 0 1 1 0 1 1 1 
0 0 0 1 1 1 1 1 0 1 1 1 0 0 0 0 
0 1 1 0 1 0 0 1 0 0 1 1 0 1 0 0 
1 1 0 1 1 0 1 1 1 1 1 1 1 0 0 0 
0 0 1 1 1 1 0 1 0 0 1 0 1 0 1 1 
0 1 0 0 0 1 1 0 1 1 1 0 1 1 1 1 
1 1 0 1 1 0 1 1 0 1 0 0 0 1 1 1 
0 1 0 0 1 0 1 1 1 0 0 0 1 0 0 0 
0 0 1 1 0 0 0 0 1 1 0 1 0 1 0 0 
0 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 
1 0 0 1 0 0 1 1 1 1 1 1 0 1 1 1 
0 1 1 1 1 1 1 1 0 1 1 0 0 1 1 1 
1 0 0 1 0 0 0 1 0 1 0 0 1 0 1 1 
1 1 0 0 1 1 1 1 1 0 0 0 1 1 1 1 
A30= 
1 0 0 1 1 1 1 1 1 1 1 1 0 0 1 1 
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1 0 1 0 1 0 1 1 0 0 0 1 1 1 1 1 
0 1 1 1 0 0 1 0 1 0 0 1 0 1 1 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 
0 1 0 1 1 1 1 0 0 0 0 0 1 0 1 1 
0 0 0 0 1 0 0 1 1 1 1 0 0 0 1 0 
1 1 0 1 1 1 1 0 0 1 0 0 1 0 0 1 
0 1 1 1 1 1 0 1 1 1 0 1 1 0 1 0 
0 0 1 0 1 0 1 1 1 1 1 1 1 1 1 0 
0 0 0 0 0 1 1 0 1 1 1 1 1 0 0 0 
0 0 1 1 0 1 1 0 0 0 0 0 1 0 0 0 
0 1 1 0 0 0 1 1 0 1 0 0 1 1 0 0 
0 1 0 0 1 0 1 1 0 0 1 0 0 1 1 1 
0 1 1 0 0 1 1 1 1 0 1 1 1 0 1 0 
1 0 1 1 1 0 1 0 0 1 1 0 0 1 1 0 
1 1 0 0 0 1 1 1 0 0 0 1 1 1 1 1 
A31= 
1 1 0 0 0 1 1 1 0 0 0 1 1 1 1 1 
 
aseTi saxis, anu orobiTi simetriuli matricebi, gvaZlevs 
matricaTa vels. 
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